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The tnes i s describes "A atudy of Uhlin struott ire 
near the tiiiort wave-leii^tii l i a i t of tue continuous X-ray 
^j.eotrxm*' Dy isoohromat method, i t cons i s t s oi* f ive 
cha i t e r a . The F i r a t Chapter e n t i t l e d "Introdactiou** 
dedcribes the work already done auid pointa out the ueo-
e^ j i ty oi the work i*eported here . 
i n the v/econd Jhapter e i i t i t l ea "Theoretical consi-
derat ioi is" arx attempt has oeen made to describe in b«ief 
the various theor ies atid concepts which are u^efol to 
unaeratand the aubject . i t maisoiy deala with Lindhard ' j 
explaiiation, i i i jboer ' s theory, Kayeisi's theory of ahort 
wave-lexi^th lii:;.it, hublow's theory, char i iCter is t ic exiergy 
l03.jes and plaama osc i l i a t io . i theory,absorpt ion ijpectra 
ana baxid s t -uc tu re oi so l i au . 
The Thii'd Chapter on iroeeuure and Equip.uen;, desc-
r ibe a the pr i i ic iple ai^ d construct ion of the Johnn type bent-
cry a t a l vacuum opectroaeter which was used i n tue present 
inveotigjation. The lueaaureu-encd were aade a t aboat 5.4 kV 
axid the reference wave-leixgth was 2285 x .u . (GriioCi). vVater-
cooled tar,_,etu wliich were evaporated onto copper cyli^iders 
e i t h e r outaiue o r^ ias iae the s.ectroxaeter were used. In 
a number of cases the aa te r i a l i i were teated for podijible 
conta dna t ion oy uaing e lec t ron d i f f rac t ion techniqiie. 
In the Fourth Chapter reaiilts of measureiuents of Ohlin-
structure of some transition elements including 5c, Ti, V, Gr 
(from 5d-group) and I,2r, Nb, Mo (from 4d-group) have been 
presented. It is found that a "foot-structure" near the short 
wave-length limit exists in the isochromat curves of the 
elements belonging to the 5d-group but it is missing in the 
curves of the 4d-group. This has been attributed to the diffe-
rence Aevel density in the conduction band of the two groups. 
It is f\irther found that the first two peaks in the isochromat 
curves of all the elements investigated reappear after equal 
intervals of energy. This interval of energy is found to be 
in good agreement with the characteristic energy loss values 
of electrons as obtained by plasma oscillation theory, assuming 
all d and s electrons to be free. In order to explain the shape 
of the isochromats, a comparison has been made with the L-
absorption curves available. This study led to the possibility 
of using the isochromat method to determine the characteristic 
energy losses of electrons in metauLs. 
Following the conclusion of the study of transition 
elements, characteristic energy losses of some Lanthanides 
including Gd, Tb, Dy, Ho, Er, Tm, Yb, and Lu were determined 
by the same method. These meas\xrements have been described in' 
section A of Chapter V. The characteristic energy loss values 
of these elements have not been reported before. The experimental 
losses have been compared with those obtained from plasma 
oscillation theory. As the influence of the 4f electrons has 
not yet been fully clarified, the effective number of electrons 
that may take i^ art in plasma oscillations is difficiHt to 
estimate. Although, the elements have a similar outer electron 
configurations consisting of 6a and 5^ *^ , it is evident from 
ti^ e experiiaental ener^ loss values that other electrons* most 
probably some of the 4f electrons, muat also take part in 
plasma oscillations* 
One of the distinguishing featiires of the isochroffiats 
of these rare-earths is that ihe Ohlin maximum is very lUTich 
pronounced as compared with the following peaks, ilchoes of 
the energy losses are also clearly visible in the curves. An 
••anoiiialy*' in the Ohlin structure of Terbiiam metal has been 
observed. This anomaly h&Q been explained on the basis of 
band structure of the solid state. 
In section B of Chapter 7 results of measurements of 
characteristic energy losses of some elements including Ou, 
Se, Ag, Ta, Pt, and Au have been described. .riOst of these 
elements have already been studied by conventional methods 
and their loss values are considered to be known with 
reasonably good accuracy. The aim of this investigation was 
to see how the isochromat method compares with other conven-
tional methods. A good general agreement between the results 
reported earliear and those obt£iined now, clearly reveals 
that the isochromat method can be safely used as a complem-
entary method, joaetimes two values for a loss differing by 
1 or 2 e/ have been obtained but this has been ooserved 
generally in the same cases which coiild xxot be resolved 
eve/1 earlier. This Indicates that this has something to do with 
condition of the material under electron boufoardiuent. 
An attempt to identify the different losses shows that 
there are three loss iaechaoisa involved : naiaely plasma excit-
ation, interband transition and ionization. Other losses which 
are not fundamental have oeen identified as laultiple and cociO-
ination losses. 
.^ erits aud demerits of isochromat method to determine 
characteristic energy losses have been discussed, ^ome limit-
ations of the plasma oscillation theory have also oeen pointed 
out* x'inally, a siiggestion has been .^ ade to extend these 
investigations in order to establish the isochrouat method 
and to fully understand the merits and de...erits of the plasma 
oscillation theory* 
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X->ray8 arc generated either toy electron impact 
or as secondary radiation when laatter is irradiated by 
eleotromagxMtio waves of sufficiently h i ^ 9Xk«pgy,^ Usually 
the radiation aouroe is a «olid» although in some instances 
Batter in the gaseouji state has also heen excited to radiate 
X»ray0. Shis Irradiation is divided into twE» groups of 
charaoteristie and oontinuous X*raya depending upoA the 
aeohaaiam of production and properties* The oontinuous 
X*ray spectrum is either investigated by recording the 
intensity versus wave-length keeping the voltage constant* 
or it may be studied by recording the intwisity against 
voltage for a partioular wave-length* This latter method 
is called isoohromat method and the resultant ourve is 
termed an isoohrouat* The oontinuous X*ray spectrum 
is found to have a sharp eut*off wave-length whioh is 
called short wave-length limit or oontinuous X-ray spe-
ctxum* Previoualyt tiie position of this limit was consi-
dered to be independent of the target material* 
In making measurements of the short wave-length 
limit of the continuous X-ray spectrum the usual procedure 
is to run an isoohromat* The speotxometer is adjusted to 
mmtitmatlug 9q^fwmiit mid th9 Tolta^j* la vaxltd tr^m m r&lvs 
iatXyw tlubt adooaearj to produce tMa pitrtiouiar w&v«* 
I«j»i^ to « iraXti* 9t th» erd&r of A lisuidrocl v«lt£i» Aoco* 
rdiiOe; to tho oarJLier 9X|>erls@ntaX iiivtt3tlgatia«:yi aiad 
tlieexlttJit tbo iat«ti0ity in ^ 0 ooutiiiKUiiiyt A,**r&if mpm&trmL 
in tho !)«i^£»ourhoo<i of tho @j[ior6 ws'ro-XoiigtIi l I M t f oritis 
a |i6i*p@tual.ljf JU^rtaiilxig funetioii of Uio «it,'v»»I@»i;t^  If 
tbfi voXt«ge in tli« l)»ra^ tiaybo la Jcspt aoiist&at* I t t^as 
also t;^oii^t oar l lor tbat tm lnt«tLolty f<^ » a«rtfil& 
wavooioo^-tti In the opootriKa la a porpatuaily Inoroasixi^ 
fuoetloa of thoiro Itago in the X r^«it/ tutioo within, a wide 
ro/^Ofi in the luili^&ourhood of tho limit* 
Contrary to ttk» Bhme oxpiotatioast BaMnd onA 
BoXlraau ( l i obsemrod tbroo '*Jcii«o«'* or d l^ t l ac t ahao^s in 
alepe in t e i r Isoohroaatif one of mhlQh ^ t « d is t inc t in 
the i r 10 kV o%inre &^imB3tiJi^ WHMM mm& 1$ "mXt^ al^'^a tho 
throsibold* Shoy wiro fwirtieularly Intoa^^ted in tiiioao 
ol^ ange® in slop* as tho/ a l ^ t afloat tlio extrapolation 
o.i tiift ourves 1^ sttz^ imd ttm@ tiallyaum* the tlireslioia value 
and Qmm9t$MmtX^ the value of h/* (wtere h io J:laaoit*a 
oonstant aod e i@ eleetronio oliarge) liiiob ia detendUied 
froa tl^e l i a d t using Duaneo^ t^tnt la» (h^ • eV) idiere ^ la 
the trmqwixmy of the X«raiiation and IT i» tn« aeoelarating 
St 
x»aol«ar •Xvetroxu in th« atom of too targot in so&tteritig 
th t boal»ardiag olootrono wliiob, Just i^ov* tao Daaiio^Huat 
i i a i t t ^ v « aJU^st oo rooiduiai onorg^ iund are thus vary 
auaoaj^tibXa to %h9 lofluanoa of extranuolaar aXaotxtina. 
;:^ oao raaonaiuia affaotis waro fouad viailoh vara oai-able of 
axpXajtiin^ ooa of tha JOMaa* ffiipaar (?) aad alraadi^ obaar* 
•ea a loaaa l a his ourva aoaa luimkrad volts atoova tlia ttv* 
ailoXd voXtaga* 
OiiXiii (4) worJEin^ m% oonsidaraOXy Xoaar voXtagaa 
daoon^tratad too preumnQ* of aotuaX rairar0iil iu i^ Xopa in 
hia iaoohrofiiatd gXritj^ r iaa to atruotura paaKD rather than 
to "Imaeo"* fhi@ atroatura i s jcoowi af tar hi^ naaia aa 
OhXia ^traetura or fina struotura naar tlia abort wava^Xangth 
Xiioit of ooritiauoua X*ra^ apeotruit.* OhXia u^ad a ovurved 
oryataX apaotrosiatar with tia*gatis of Cr, i-'Of Cu» Fli» los^ 
a t o . a t YoXta^as hatwaaa > IcV aod 9kV» AXX iaoohroisiats 
(ajcoapt of ^) &Mw«4 a sharp r iaa aa tr*a oritioaX voXtaga 
was raaohad with a aajiij&ua a t XX to X4 voXta a»d a !^ irai4\Li. 
a t S^ to 24 voXts from the oritiaaX iroXta^a* juaad aid not 
give raproduoioXe reaiHtii aa a ta rge t . Qold aod Iron showed 
aouie additioiiaX atruotura* OhXln^a Xattar wor& <§) sl^ iowad 
that iho atruwtura eight \ a r j with arijle bet-.veen the X-ray baas 
and tua aXactron haam in the I.<»ra^ ' ^ ' 
4 
f t U M i a g co in 's dlftoowxff UaAlMaNI ( i ) took «p 
• a i «1M 4i«tvll»aU<»ii of morgar ia tiM O M I U I W M S £»«ir 
lttUv»t«al« distmsM «i«lit to fiiro ioMliroMita witii foidu 
t—i^ BiiOt 4pukUt»t&vo anA m« a»t wotlwd out fo i t t in do'loil 
to OBidO^ o tlM wmmum to OOK^ O^VO tlnoirotiooi and «Kp«ri* 
aoftto3L voovlto* 
Stjioor (T) liot g i w i OA oiplaiiotloii of tlio oti^^ 
votuvo toMOd ^  tbo oULowod and fof^ddoa WBOvgjr baada for 
olootviaa aoviag i a oolida* ^wao teada «o»o aivoadjr Ion— 
alMNrl ««fo*»Ioai^ aido of X*raar atoaovftioa odgoa| W tlM 
atoaof^tiOB of i i i ^ t i a tiM aitva vioiot nHEi«M aad (o> ^ o 
^^WBI^ ^BBB jHpjjf •i^P'^p^iP ^PSIP ^Piwt^^^P ^PiP^P^^B^P aa^w jp^^B^^F'^ poaaaBp W B ^ » ^ ^ I B ^ M P B I ^paawMMt vBHRav ^v**'^p ^pja 
BOtaia havo a Mi l l danaitr ^ ailoaod Haada aaav 'tta Toxiai-
iofoi and a afaftH asalior doaaitar of alioaod lofoia at a 
aUi^tljr lU^M* Ottovisr* Vi|lw«f idoaliaod tHia aitaatioa in 
^paa^'jj^BPap'afcwaBp iPBBBfcw ^a* jjr^wa vaa^^vaapaBV iwia^P|a|^^F aF^a apjH^^aP ^ M « aaafc wtWr aMp OF^P 
axyootod for a tbia aotal targot* • aaaaatioa of aaali ttiia 
t i 
t«rg«t •p«otrA at X9m% qaalitatlvely txpluio^ t2M fia« 
atruotuur* oi>»«rv9d ia tli« sliort wav6*lei3|£t£i l l a l t 9t 
tttioic tsr^ttti* I t Wi^a poiat«4 out timt tk« mi»r^ bt^ ad 
•trootttm •ntora tlui ocdoal&tiaais IA t^ iio different w^ y^ i : 
eno* in d«t«x^iii]a^ tli* «n«r^ Xot^ s df tiL« i^ rimsiZ^  
•i«otroiL@ a& t^«j «at«r th« t«r^«t» ami eipain in 4et«r* 
ffliiilii«^ Vm X 7^«^  traoeitioa probabilltits uXxi^e %h» h%ml 
•tat« of th« •Xeotrons la th« solid hm o«rtaln pr«f«rr«d 
•a l iM0* 
Ii41io«3r*« ta«ox^ pr«diota tnat th« mi%T^ 
i>03itiexui of tbo poftlco witb roapoot to tho out^off limit 
would bo iudopondoat of tho voltngo at whiuh the IsooJiroaat 
i e run* MijlMor furtiior prediotod t2i«t i f an Insulator* 
wi*^ tbo eoziduotioa bond eoaplotoljr empty, i^ ere to ioo uaod 
for tuo tarsot amtorial the position of tl;o shQrt wave* 
lengtii limit nould bo oMftod i^ligktly and tbo iaochroaat 
iTOttld ham a aoaller olopo. f3uiro oooaa to be some ovidGiico 
of thiu ia <M.iii*a ioooiirGaat of .^ ol^ lBdomm :iulpMde* 
Boardttft aiul ooiiwara (d) oosowod a ^truoturo in 
their isoohroa&t for Att» if Tot .iO« and (hJi wiiioh was quite 
diatiiiot when the aurfaoo of the target waa elea^t tmt which 
Yaniabed iriien theare was aa aooixsaulation of eurfaee f i l a oa 
the target* l^e details of the strocture were easily reprodu« 
eihle. fhe f irat peak ia the laodhrooat appeared at 6 to 9 
l> 
irolta abovt the hi£;h frt&vuinc^ limit (copper being an 
•xotption) and a ©eooi^ peak w&@ obeerred &t 16 to 18 
Tolts froa the l.lislt« i\9eMar*ment» •<mr9 made at 804§«6 
volte, fttngsten vac fou.^ to s»liow ttie sasae peak at 
8046 mA X9600 volts and also at $690 volts ac ol^aerved 
by Olilin. It appeared that the struoture waa independent 
of the voltage applied to the X«ray tu^^e. Beardeny 
Johnaon aod Watts (9) have» however* ohaer^^d that the 
poaitioja of the first struoture peak for tungsteni re-
lative to the ehort wave-leogth lisitt varied from 2*9 
volts at 6 kV to 4 volts at 10 icV. m i s ijodieates that 
the 9Xi,9rg3r posltioa of the atruoture does depend on the 
voltage andt thareforst Mijboer'a theory is inadequate 
to fully explain the struoture. Similarly» Ohlin's 
observation regarding ths dependence of the struoture on 
angle of observation was not to be expeoted from a simple 
applloatlon of Hi^beer's theory* 
It may be aientloned here that the difference 
v^oh was fouod to exist between the two values of h/ei 
one determined by optical j^thod and the etiier found b/ 
X-rsy aethod (froa l>uane*Hurit l«ir)« was thou^^t to be due 
to the paresence of Ohlin atrueture near the 3^ iort wave« 
length limit as the latter ^as not likely to be determined 
aoourately in the preaenwe of the forcsier* But Hi^asi (10) 
found faul t v?ith th© iXimxe»Hunt law i t s e l f toid gave a 
modified theory of short wavt-leiii^th l l c d t . According 
to hia lJ!uaae-»iiwxt'£. law ahouid read im h V » e(V*V^*i) 
wLer« V la the a«an iiuier poteiitial of the cr^i^tai* Tim» 
Ua^uai sraa able to use the X-ray method of d«£t(£^ 2<liiia£E h/tt 
to a groator aoG\iracy. 
WlMm liigh apood elaotroaa boa&ard the targat 
aatariaX to produoa X*raara» tnay losa ener^ and VCke Aaonar 
i a uriliioh tliis enevsy ia Xoat dapands upon tha aa ta r ia l to 
oa i r radia tad . flmsf tiia inoidant aleotroas auffar wiiat 
are tar^aad as oliarastaristio ar dieoreta a n a r ^ losiias of 
alaotrojia* ISom iiiflue^^a of disorata eaer^ loaaas of 
electiona on QhXi& atruatura haa tme^ iavastlgatod &/ 
Oart&sea and Albart (11)* AXbart aty^diad tine isooliromat of 
Gold* Piatiua and liluzi^atan at 2 kV« fue ener^ diffaraooas 
of various laioima froa tlia suort wava^laogth l imit wara 
idoiitifittd a«i oharaotariatio aaargy loasas* He coaparad 
these Yal\Ma witli t^ose ol}tainad froa plaa&a oaoillation 
theory* Plaasaa eaol l la t ioa theory of oharacteriatio emer^ 
lossea of eleotroas haa beea dOTOloped by Pines and otherti 
(12). 
UXaer end oo«worker (13) hii^ ire investigated the 
isoohroaat of aosie ae ta la . Keealer and Ulaer have explained 
the isoohro^at of fim^stea ea the basis of it@ eneTi^ bands 
o 
03loalat«d bj Mauoln^ and Ciiodorow (Ji4;* fh9^ asswaoci 
th« photons ii«ar the thraslioXd vol tag* to arlisa from 
traoaitlona of th« primozy oleotroaa to tho uoeooiipiod 
XoToXa of tho $d and 6a bwails* Using this sxplanatioa 
oat has to dropt how«Tar» a soXoetlon rulo formalatod Oy 
Mijhoor* WHO admits only transitie^is to final s statS3« 
Kssalsf' and Ulmor prormd that a hotter approxlaation is 
to oonsidor transitions froa a oontimma to tho diffsrsnt 
8tatO0 of an Isolatsd atom* Thi.s loads to tho ooiiolusion 
that tho olsotroB trmuiitions aro of tho same probability 
for s* and d«>statoa* Thu3» the first psak of the iso* 
Ohio mat rofloots tho total don4»lty of tho unfillod loYols 
in tho oonduotion band of tho targot oatsrial. 
Iddan and Auloytnor (15) studlsd tho fin* struoturo 
of s«»i*»oonduo'tors t^illoon BM (lorBaniuia» instsad of anitals, 
and intorprotod it on the basis of Hayasi's -^oory (16) of 
qoasiostationary statos* Ths oharaotoristio onorgy^ loss 
•aluss oaleulatod thsorotioally and thoao found oxj^sriasntally 
woro in good agrooaont althoui^ tho poaks in tho i^oohroaat 
ourrss woro not wall rosolvod. fuaiaoto (17) studisd tho 
fins straotiiro of ooppor and oomparod it wit^ tho H^ab^iorption 
apoetrua* Ho oxplainod tho struoturo thoorstioally u«iia^ ths 
oaloolatod allowod baods of motallic ooppor* Heyaai(lO) 
9 
liad mkfoAy oalouXat«d the lowest QoMuotion band of 
iiMitalllo QOp^T tmmmlojg periodic pete^^tlal field and had 
gives an explanation for the first and seoond peaks of 
the ieoohiomat* 
i^^ andatrom (IB) has investigated #» MOf and fa at 
a}»ottt 3*7 kY» He has interpreted the isoci^roaat structure 
hy oottparing it with eharacteristie energy lose spectra 
toid X<»r8y ab^ozption edges* fie has aim diacni;ssed the 
angular and voltage dependenee of the structure. He notioed 
the dependsaoe of the relative Inteiielty (not the position) 
of the first peak on the angle between the eleotron bea&i and 
the target ia\urface both for i and He* But he was not quite 
sure of taia dependenoe as he hiaself has said "fhe offest 
aight be due to soaie other oirotia^taooes* If there i& reall/ 
any angular dependence* it probabl/ has soasthing to do with 
the angular depsndenoe of the oharaoteristio energy les^ eii*'. 
As regards voltage dependencOf he plotted ?uu4;sten»isoohrosats 
aea^ursd by different worleers at various voltn^^a^ nonuklised 
the il^ rtit iiinima to l^e ssae hei^t end found a general 
teod^noy for the first peak to deorease as the volta^^ was 
inoreaseA* 
Johansson (19) has extended his invsi^tigations to 
the study of W, Mi» Or (metal) and CrgO, (semi-oonduotor). 
'1 / ^  
I ' 
In aooordaiK»« witli th« Mi^boer's theory, b* haus oTommrrtt^ 
a shift of 1«5 volta of tho limit of Chraadiui ozido &» 
ooapared to that of csotallle Chroniuis. A similar ahift 
has b««a obsorrod by Borgwall (20) in tbo oao« of So 
(tidtaX) and SoO^ <o«ai»eozKiaot03r) whioh giToo furtiior 
support to ^ijbo«r*a thooxiy. 
A new thOQxar was $ut forward bi I«blow (21/ in 
tho yiiar 1960* Aooordios to hia tho intensity diatribuf 
tion at ^ 0 short wava*i«n«th limit ia oauaad by transi-
tion radiation froa olootrona oroasing the potential drop 
at the Tory aurfaoe of the target. Aibert (XI) fotind etep-
wiae bx^alKo in hie iaookro«at curves froa thiok tarrjet-i. 
Theee breaks were ieaa proaounoed usin^ thinner targets 
and i^9 first aajeiavn was found to be quite uninfluenoed. 
!£his led iMblow to the eonoluaion that the eharaoteristio 
enero^ losses should be lesa aod less pronounced for 
thinner targets* An ob^ieotioa against i4&blow*s inter* 
pretation was, ^owe^r» raised by M d ^ (22). A^ the photons 
giving rise to Idie fii^t aayiaaia asm foamed at tUie v^mey 
aurfaoe t no "eohoes** of this aaxiaua are %o be expeoted* 
But 9 in all well resolved isoohroaats thsse eohoes of ths 
first aaxiaua do exist* 
^•3 fh^ aotaal worl; done and its neoessitr t 
Froa the above desioription it is svident that a good 
wmh^r of a«flu}urea«Qli« with Tar^ia^ aooiirftoy h&re beitn 
SN»rform«d a^A sons »ttf»tapt« on t^o thoorotioftX iido have 
alao Doon a&do, but tho two 4o itot »«om to a^roe fairly 
«9ell* 2ho oatbor ^^ -ot afi opportunity to work vmdmf tiio 
ouporviaioa of Prof«8@or P«r Ohlin in Mo laboratoiry at 
Uppsala (Swo4«zi)t wlio ^avo the suggootion to extoiui tho 
dxporimontaX worlc 0£4 tho fXxm otruoutre noar t ^ short 
waTo*Xo;i^ th li^tit at Xow voltages in oraor to clarify the 
oitoation. th^ work at low voltages i s to be preferrea 
ainoe the exxergy aeparation aohieved in the low voltage 
region i s sauoh greater than that in the high voltage 
region* 
Following the above suggestion soiae of tiie trana* 
i t ion elemente» moat of whioh wore untouoned eo far* were 
studied at about %A kV. Shis inoluded ^^ o, £1, V, Cr 
(from 3^ groii|>) and X (oxide)« <^ ri Uht Me (froa 4*d groups), 
a'hia study (23) led to the possibility of u^ing the iaoohrooat 
2iethod to deteridne the oharaote^iatio mi*ri^ losses of eleo* 
trons. fhie aethod waj« therefore» used to find out tne ohars^* 
teriistio ^n^rtff losses of eleotrons in i^ ooe Juanthanidesy inolu* 
ding Gd» Tb(Dr^ iiKo9Er»!rBk»Yb azid 2M* AS these were the f irs t oeas-
ureaenta (24) of disorete energy losses of elsotror&s in JLaathsni« 
desff the rel iabi l i ty was nst known ver^ aoour&tely. In. order 
to see the relative aoouraoy of the i@oohroaat stiethod some other 
2MtaIa (IneXttcLiiig Ou, So, i g , f«, Pt md Au) ti^at lost 
vaXuee have alread^^ beoii d«ti>rKiin«d hy oonveatlonaX mtthods 
wore iiiTeetlt;at«e (25) • 
! • • Sohcst of tilt ttecsle i 
Th(st thtsis eonsists of five oh«.ptera iuGlMin^ 
ttii9 prtseat one a^i IH^ fEODUCflOM, 3%« ooattnta of the othtr 
oh*pt«2>a &re aa follows. 
in the t)@0ond Chapter en attempt haa beer; made to 
desoribe in brief titie Tarioua theoriea and oonucpt&» froa 
a aritioal ^.oint of view, iihi^h are helpful for th9 yncier-
ataading of the subject* 
in the fhird ahapter the aouatruotion and working 
of the epeotroaeter has been deaarlhed* The working of 
different parts has been llluatrated with the help of 
diagraaa* 
In the £N9ttrth ohi^pter the requite of meaaureaents 
of vihJLin etrjcture near the short wave«»ien^th limit of the 
oantimieua %i>^3ftijf epectrum in treoaaition eleiae^ta are preaented* 
The reeulie have been dieooased and conoluaione aentioned* 
in the i<'ifth and the last chapter the aeaaureaente 
of oharaoterietie energy lotseea of eleotarona in JLanthanidea 
(rare*earthe) and in eoaie other laetals inoluding noble aetals 
are pre^^ented* She relative aerit of the iaeehroaat aethod 
and the poaeible oonelusiona have been disouased* 
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aiat ti l* vttiuii of l|/o (idiovo li io t^iMi Floaok^o o«ei8t«&t 
«2id • is tlM olootronio oliorgo) Iqr dUMKLng tlio loooiufoaot 
or Kiatoaoitor) vorons V (voltago) proili foir » portioiiXar 
«aiVO»X«iigtlit lio ohangod tbo ooooXe^Atiag iroXtag* in stops 
of 2 TOito oal^t «ad m«MnKPo4 tho iatoasitar of t ^ X^rojre 
toy M^OBs of m Q»M« ooaator* 1 ^ « I» |NI of tiio oaivo obt* 
oiaod tor bim tiaxnod out to too dlffovwit fr<»a tiiot kaooii 
upto that tlaOf oad i t io slstovn ia fig«t*X« fitio oliapo 
i« now kaewi as fino otmotaro or clOia otniietiijro of 
ooatiauoiio x»raar opootnm soar i to ^lort »aiNN»loiigtli 
I i a i t« tiio wuHPgar of tiio pxlaazy olootroiis i a tliio eaoo 
vaa 44)@0 oV*- IQsuithor tao modo aatorial wut taajj^ otMo* 
ooppOTt oilvoT or aeljrtodois^ Mi onij^dOt tbo ioooiiroaat* 
« i ^ Xitt3.o vailatioa lOiowod a roaavkotolo aiaiXailty* 2!tio 
iavootigatioa eoirorod a vol^igo voUatioa of 46* €laXia 
did aot KiYO aoao dofiaito oxplanatioa for tho ahopo of 
ttoo oanro aad i a partieuiar to 'tiio f a i l i a iatoaoitr 
af tor tto* f i rot aaxiaaa* Qaalitativo oxpXaaatioao have 
J?*ig« 2.1. Variation of X-ray intensity near 
the short wave-length limit (a)Ai 
sumed (b; As found by uhlin. 
alno* hmen giir«a bj Lia&hard <lj« lilj&o«r (2) mod iioblov 
C5}* ^^wy i^^^ moatijr attri&uteci the ttliajp« of ti:ie ourrtt 
•itd^itr to •a.eotronlo st&tna in metaXa or to ciiuurafOtvrletlo 
wmtsy lo8s«8 of Qleotroiio paasisie^ tiiro\yb laataia* H 
th« isoohrooat atruo^UNi id donneotoix wltb tii« {I2JIOINKI 
atiitits of tlsto ooodtistiOA ba^ aid o& mte&mkt of i t s Brwao -
prooosat i t aeoa@ podsibio to oompare tlu» laootyromat otr* 
uoturo with ttto X«regr absorption odgo* Hn^aoi (4) iiao 
oaioitlatod tlio lonoot oond^iotioa b»ad of aietailio ooppor 
aaanmiii^; a p«rlo4io |/0tiatlaL f ield aiii naa attemptod 
an oxpXaaation for t l ^ f l ro t two pooka of tbo iaooliroi&att 
An at t«apt WOVLL^ bo iiade hmxm to anvoc^ariso tho 
various thoorotioal oooaidoxmtiono whioh aro uaeful for 
iita9 %^orataii4ii% of tho Oliiiii stru^turo* 
I4ndhard*a oxplmiation i a oiiailar to Xroaig*8 
tlioox7 o^ tho tixm a t r i^ ta ro oi abiiorption odgea* fki& 
roqulroa dotaiJLad knowiedgo of tbo oieetrooio etatoa in 
aotala* $lio ovaluatioa oX mmrgy atatoo i a a probJL«B aliieb 
iiaa boon attaoJcad in spooiaL oaaos b^ oiaborato aothods 
roQiiiring a great doal of oalouiation. Bat» to oxplain 
tho apootra oioaaixrod by Qhllot a groatXj oimplifiei aoaol 
of a aotal i a uuod i a tho prosont woric* 
Aooordlng to the usual approximation tha Inner 
shells of the atom are filled up with electrons« while 
electrons in the outer sheila move independent of each 
other in a periodic potential field. Thus, it is rea-
sonable to introduce the density of stationary electronic 
states as a function of field energy. Now the density of 
states can he obtained theoretically as well as experi-
mentally. Applying theoretical methods one finds a par-
tition of the stationary states into sones — the Brillouin 
zones, which OTerlap, more or less, for different metals. 
The density of states increases as the sqoare root of 
energy provided the metal is supposed to be a parallele-
piped well. This, however, is a rough approxiatlon due to 
the presence of Brillouin sones. The more accurate method 
for calculating the density of states is the "cellular" 
method which assumes that the field in the neighbourhood 
of each nucleus is spherically symmetric. Each atom is 
placed in a polyhedrical cell constructed in cuicordaaoe 
with the structure of the crystal. Wigner ft Seits (^ ) and 
Slater (6) have used the cellular method in the ca^e of 
sodium, and Krutter (7) has used it in the case of copper. 
The experimental determination of energy states 
involves the measurement of transition probabilities for 
processes in which an electron leaves or enters into a 
oi 0i#atroaa^idtie radiiatlon* Lm% 'ua a@»iit^ .« tUiat tii.« 
Ql@atroiii3 oaottp^ a l l tii« aY&ilabiQ QtmtiOimi'y s tatea iiitl2 
(iB«r^ X«93 tkma ^o • if tan electroii %^i£ip3 into a ato* 
tlonary s ta t« trQa a a«rtaia w«XX«>d«fin@4 initlcX atate 
vfith «ae r^ K« tbeii tii« tr»rieition p70l»al>illty IQ civftii 
tor £, y^^ •.••.«»«C2«iL) 
and ..>(i>)*d£ • 0 P 
I'or £. < So . . . . . • « • (2.2) 
«^e3r« ) (B) IQ tiiie ..mmXi^ o^ atutast H^^  a traaiiiiUoo 
i.4»trlj(; eieaejat ami <J ia a aai'^stauit* Io>«» a@ ti^ .® intaaait*/ 
o£ i£i« j'adiati^tm aoittflKi iii , ropartioimX to u(i>) orj '( i^)x 
I^W' * ^ uaadur^aciiit of tlila ria^i^tlon ism^t 'givo ^^ one 
ifiX«,»4.«atia& ai>0ut 
i a tr«@ asMia of neauur^sdnt oarriecl out bj (MXin 
over a volta^ga ras^^a of 40t i t aaii i>a aaifal/ «4usij«. 04 ti-uit 
t&@ i»>&%rix alea^«at KQ^ lii aJuiOi^ t u aanatai-^t* Tiiis isa4«i 
ail© ta 'thi» aai^i^«^iaa t^.at m^ar ^atli^F t^ai^epcl oaniditioifiat 
for 4i.ifier'«r*t ia@tal.:.» tua f (is.) oorre will ha^ /© a p0ia« of 
ta@ 0a<^ 6 foi^ &am br^mith aa 1U4.a ulUULa uaxJu^ iai..* iiutt tcuo 
iirUXouiii «md ainoe tbe osLloialittecl Talixe Qt Urn Xattor 
i s not 0Xj>eoteci dvea half ^ e width of tu« (^ iiXiii aaxlmu£i* 
l*dr aiiuxpXicit^ i t id aswU^ ecH that the to ta l 
poteiiti&L of aa t ledtron ta a orystmX l a t t i c e otan 'tm 
written aa 
^ueh a pot«atiai« aa i s well kzu»vm» XeMB to ttiTee one -
oiii^iiuional eii'aatioi3« (inuteai df oiie three • diiaeiiaieaai 
equatioa)* fe further isi&j^ Lifjr ti^e i^roidleiat «t»ile a t the 
sfkm tisse r e t a i a i i ^ the main oharaa^eristiue of a ozyetal 
Xatticet i t ia aaauu,ed t&at 
V-^  • Vg • ¥ J • V(x) • 0 . . (2.4) 
for <»a«>a(a»b) (m. <:^ a(a«>ti) and 
for o(a*b}<x^b*B<»*b) 
Here V^  i® negative a^ id the l a t t i c e i s ouhia with l a t t i c e 
c^ iX4.t4JUit a«-i»« a ii. integer iii.aludl.£i^ sero. i-Vith tima9 
mi miptXanQ tim aalutiaa of ihe proioleai oaa oe o&tained 
mitiL the atWidard Quaatwa ^aohanicaX m^thoda* l a this 
way aHoi^ed mi.-<^T$y sooea with ^-rohibitod «u«3rgy hmid-a 
'bet-n^&u th<Hsi are obtained* The aiistaiict betweon the 
0<mtrtt9 of tho two f i r s t thre^ aim«£iQiohaX bamis ooiaes 
out to be 
^iS « Sg • S ^ - ^ ( 5 )*,2 .(2«6) aS % fi ' • • • • • • • • • • • • » C2*' 
Where m ie the aleatronio .oaa^* She liig^ior ar4<dr haode 
are yo wide tr^at tha f i f ^ aiid Um two preYious b«i£^a 
proi»at»3ky overlap ao smoh as to aa&e l^e toaosition 88»»otli. 
Uenoe f (£) ia @x|^ 0ote4 to behaTo aiiioet aa in the oai;ie 
of a potential well within the diaen^iioj^is of a oryatal . 
ShttSt apart fro® the moro aifferci^tiateu stru* 
oture of y (£} •<» an iaereaee takes plaee in an interval of 
the order of m%^.^taa^ 6*iven by equation (2*6)t followed 
hj a deorease in an interval of t^ iiULlar 4ise« i*or u t i U 
larger energiee* 3 W la expeoted to increase again* 
ihirthert ii^ i s expeoted froa above disoy^sioa 
tx.at for t«o l a t t i o o ' t ^^ <^»<B with greater m¥h miH have 
greater h atid* thuat iS&aller /:^ K« I t way^ therefore* be 
intereat in^ to ssea^ure <^B ior l a t t i c e s with greater dis» 
toi.--;©a bot^-oszi Bs^itJhbouriii^ a toi», 
(Ui) i^j^fff'i ?^oiy t 
Tbm aenoxid oeriouo attempt to eaiplain the fine 
8truotta3P« ii«er tho abort wav««l@ngth l imit of tae aonf 
U^mtoua x*r«y apeotPum wae laade by ii4)»oer (2) in tli« 
year i946fend thia theory baa acquired more reco, ni t ion 
iroim ttm workers eaga^ed In the i'iaXi* Mio theoxy i s 
baaed on the follo«idng three co isiueratio.ta • ( i ) 
^emfflerfeXd'a ^eo ry (6) tor the in tena i t j diiitri&ution 
of the oontiimou0 x<»ray epeotrum ei^itted b^ very t>iin 
autioathodet ( l i ) the Shomaoa^ihiddin^'teii law (2) for 
the energy los^ ot eicotx^na in aisia&ive asuoaeet aad ( i i i ) 
the theory of aetai:; , The sa l ient featured of .vijtc»er*8 
th@ar^ are soca^aarised heXow* 
Both i a the Ohlin atraotus-e um ta« xxa® atroo* 
turo of x - r ^ abuorptioa edi^es (in the iii^aeuiate msj.gk" 
baurhood of the eago) tu@ elciotroa r ioal iy uettXesg in the 
lowest ttiiooou|>iea level , fhe aeaaity of yitatea lu the 
cu,ae of ^etale i a l i^^er near tiie i'ermi<»liuitt ^id I t 
l a auoh amalXer at 30aie eleotron volte froa the l imit . 
For a one i^duma iotwX l a t t i c e the alloived e n e r ^ levels 
are ^e^^arated by f in i t e gs^m and the intensi ty distribo* 
tion of the apeatnm emitted by a thin antioathode must 
have a saaxiotoai followed by a iataXmm,* For real stetala* 
the aalo-ulatioas'^ of levels perfor^ied by .slater mm oti.ere 
(6,7) oan ^eoerstlly be used. Bat the i r reauita do not 
eeea Justified in thl^} caae a^ the trasiaitiuu probability 
i0 Iarg« only i f th^ tiiml atat« i& tm "a" 8tat« (9)» 
tiiid urilortonatol/ tine iimmity tua&tXou of 8*»lov«l8 alono 
i& aot ioioim* l a tlio oontiiuMua x*rajr 0i«atriiai, Kroziig 
flQO iitruQtur* iXQ) ia fdao expeotod up to uovtral hatuired 
voita froa tlid e4go» fho nitu&tioa aay bo sK>ro oompli* 
oatod in tno oa3@ of aaoisiivo aooaoa booauoo tho prismxy 
eXootrono grs4uall^ Xooo the i r wiorgyt witti the reaui t 
' ^ ^ t the floe otruotiure a t u<^ >e i»iii4red vol ts la&isr sowar 
out oo«pletely* Furthert the appliaatlon of the Ti^maoo!^ 
ihiddine^ton Imr when in tona t ed over tho deptii of the 
anode wil l aweep away the mlaiwiaa. aa urell lAiloh follows 
the Ohlln maxiauoi. 
Before s^^ylyln^ the Thoaoon-Whlcidliigtoii law 
In the preaent oaee ozie ha to take la to aooouat the 
la^^^ort^it fact that ^ e simll energy lo&aea «^leh ocour 
in a eaae XiM9 th ia i are not well repreiiented by the 
ahuve law* fhe e u o r ^ lotia eurve for eliMtrooa In aetale 
J9how£]' large fluctuations fox* maail mi.9rgy loaaest ^i^eoi* 
al ly for the maadUaa ooi-reapondlng to the absorption baada 
In the u l t rav io le t region (11 )• 
She Intofiiaity dis t r ibut ion of x-rays esiltted bj 
a oaaalve anode maif be ai>i roxlmmtely found froa the proper 
addition of Intensity dlatrlbutlona i^ l t ted b^ primary 
oXeotronei from t l ^ tu la tti-»od«* ilatJMis^ticall^i i f tli« 
iiit«ii:3itijr dlatriouiloii for a thin anodo i s ^iv«a by 
1 {v 9 V) • 'Mf.r^ i , , . . (2,7) 
SiMir© t • «V/fa aiid f (<^  - ^ ) • 0 I'or 'v >taa4 i f tii« 
pral)iibiiity for an «Ka«re^  loss A<^  ia expreaaoA by 
h (t^'i^) mXth ii C^^-) d ( M ) • i . .» . (2 .8 ) 
AXuOt if the isuLLtiple 9n&rg^- leases ^o^ ^ s:^ill@etedt th« 
ap«otjma emitted U^ ' a mae-ive aaocle i a tlie ret^on «^ *~ 6 < ^  ~ t 
near tbe short waire«-length lituit ( ^d, » <^l ) ia found 
to be 
1(V, V) • l i i 2 ^ • ^ f iiC ^^) ^( + - ^+-^ > 4< ^4'}..(2.9) 
Herir aei tber the deu i ty of the »»levela f<^ '»V}, aor 
h ( ^ ^ ) i£s knovm in de ta i l henoe a ^^Jiantitative t e s t of 
aiiliii*s resul t d(^s imt appear to be p9u i)s>l9» But* i f 
one ooaai 'Ora the ease of eleotsrona iaomhardin^ a isilver 
am»de (which ia iaxomk to have abi&orption barida a t § aod 
15 eV (12))t on@ aaa asiiuao one half of th<3 priaa^^ 
eleotroaa to have suffered aa eiiergjr lo<^3 of 5 eV tuoi 
aad ta@ r e s t to have mi eaertiy lossa of l^ eV» Jrurtuerf 
th« 5a biMifX m3s.tm\iiii to about § to Id @V boyond tim rers i* 
limit* Sfaia ami aaaount at l^a t qiialitatively for the 
nduiaiM present iu OhIla*s iaoobxooata. Hessler and Ula«r 
(i'5) be-ve, hovvevert proved tlia.t a bet ter aiproiLiitatiun 
i a to conaidor traa. i t ions i'aroa a oontjuaxum to tk(2 dixX* 
eroant statou of tiH isolated ato^« SMa i^ et^ x.. thixt -the 
©iectroa trsa-a«ioiw are of the a&L;o jprooat^liitj i'or a atid 
d atates* Thus tlie f i r a t pe«^ oi OhJLiii*s isoouroaf^t iioist 
rofX@ot the t o t a l dea&lt^ of tbo uofllloa levels lx« th« 
aoaaaation band ^bove tha Fermi-level* 
One i s l e ^ to co£)^ oliuie fr^nk the above dlsouaaio/i 
timt tliere are a t leas t four phec<oaeiia which give iiiforma»» 
t ioa about the eai^ty en^rigr l@Tela Just above the i>erai«>level, 
natively ( i ) the fine etraoture ox' 3&<»rajr absorption in the 
neighbourhood oi the edge* ( i i ) %h& oharaoteriatio mmr^ 
Xoaaes of eXoatroiia ei ther pmnilii^ t h r o u ^ a thim la^ror or 
oeitig reii«oted i'roa the ^ur£aue> ( i l l ) tae ab orptioa o£ 
l i ^ t in the u l t rav io le t region a^ id (iv) the ttas structure 
n«sar the ijbart tr/ave^leii^th Xiisit oi' -i.he isoatimmwa 3e*ra^ ' 
spootrua* iSach of theae phenoaeaa hau i t a owii celeotioa 
rulea aiid* therefore* a ooapariaon of the exi^erimoatal data 
i s laot always poasible* The Xa&t oaae» dealt with here* ia 
the m09t ooaplicated beomide the baakd struoture of the 
mkBVg^ Itavels i a a solid comes ih two ti^aee «-* one* in the 
x*ra>' t raaai t ioa probability and two* in the e^^rgy loao of 
the priiaai'y e ieo t rona . 
HOw«v@r, i f t h i s ex^laiiation i s taJiQii aa j o r r ea t t 
one woiild expect i n th« oaae of a we.ii«»ooa...uotor anod® 
(apuer'® the ooMuctioa oar*d i& p a r t i a l l y i'iHec.) ti^e i-osi«» 
t i o a of the i i id l t to be otiiXtad aXii^tl^ ana the i : och* 
roiaat woiild r i c e l e s s s teep ly than for a e t e l a . Tl;is pre* 
d i c t i on haa been verii ' ied ej^ i, e r i s e n t a l l y b '^ Jofe&Bason(14) 
i n the ciMse of Qhrozd.\m (a&taX) & ohro^iuia o^ide (aemi* 
QoadoAStor) uiid uy »0rgwali (15) i n the a&ae of seieniua 
(m@tal) & ^eXeniuai oxide(aeiai*oonductor)t 
llie value o- h (Planck 's constant) as ueter..dae(i 
r r o a Jt-rogT ex|>©rlaaiite was toiotan to .ue diffcr^mt Tvan Itm 
value foaod fro® op t i ca l aethoda. Tbir uiffereaae r^ as 
a t t r i rmted bj C^blin to the exis teoae of the fiiie a t r ac tu re 
near the shor t «ttve*longth l i a i t t aa the precei*ce of t h i s 
f ine atructuxe wi l l aalce i t d i f f i c u l t to de te ra iae the 
po i t i o a of the l i a i t very aoaurately* But, Bayaai pro* 
poss&d t h a t the d i f f t renoe a r i ea not only fro^ the f ine 
s t ruc tu re alone i?ut ali;^o fsroiu the faot t lmt the ina iaen t 
elactrotia do not have aero terminal ener^sy i^en they ocou^y 
tha tmf i l l^d level i i n the ocs^nduction band while causing 
x<»ray eiai^ ion* In ot. e r woraa the v&ry b&aia of aalou* 
l a t i n ^ i^lmai&*B oo^fiatant froi^ jJiiime*Hunt*s la.-^ (KV» eV) 
i^ not jua t i f ied* 
M a o r d i i ^ to ila^aoi, p rdoi ie diacu. cioa of 
const et«iioy o£ attmerioaX valiuta ot un iversa l eoosttrnta 
seems to r«quir« aoa^ r ev i ion of ttie datezi^i iat ion of 
?iajaak*8 ooiiatazit i»y the iaetit.o4 of x*nay c&ntiixauei* ' ^« 
inoon»istaaey i n tJH^ vaXu« of h doteraiiMd b^ x^raS'^  <^^ 
t h a t obtaiaed b;^  other setLoda mem ao g rea t t h a t ihiua 
(16) excXuaea the jc*ray value of h froa h i s i,m ary of 
univerea l oojoatantt • hmioa^sMrg (17; estimated t h a t the 
theoretioaX or experi<^@iital ijoadequaoj and i t a oorreo* 
t i o n to tti& valise of ht wao egoivaleBt to a» addi t iona l 
aatitioae ra^, volta^,® of 50 to 60« imaniiUiton <ld)fouiid 
aerloua d i f f i a u l ' ^ ?.'ith Juasie-l&Bit's law, or inve r . e 
|}£u»toeleatrlc efi'#ct» o^ hi» aoii^^ideratioiis ba;iea on 
iiirgO'iioaa dia^&ii auid tho method of l eao t ,>a^iaro€« 
juarwltt (i9> aaa© ty t;.e .ase ooxiclosion % h i s isprovQd 
uet .ad* iM^oM k ^IL-.ua (20) i^ t iued t tmt the jphoton 
irequejticy QQrv9Q^QnxuiJa^ to tiie ahort wave-leno'^ i i n i t 
Q- x*ray aoatinuuis Isje^ ppeiui to oe lax'g^r tii&fi tirir.t ex^Qoted 
from Um oitthou® r«yr voXtai^e arid found tha t the conversioa 
a* (Sixewtroi'i eiier^y in to photon eiiortii' oeour:- a t iizi eff i« 
ttieucj Oi lu0 .2§ i)ere«flt or a t an exoeas voitati* ©^ about 
70 iiir VmZO kV, arid 50 to 35 for ¥»9«5 kV ttsint^ t»*i3i;3ten 
4^itiaathoue* 
Xhe^e v;oaiifvi.eratia)!ti- l e ^ fakesi Ha,yai'si to doi;^t 
tii% v&Xidity of t^i« Dtt£me*Huat*8 law Itcelif . ill argo^ 
'^eat rm as io l lowe. lstiaa«*Huiit*s law iiV« ©/ ttaplles thmt 
the IdL^etic energy eV of the cathode ©leotrone (where e 
lis the e lec t ron ic ohar;:e» m^ V i& the aoaelera t lng 
voltage) i a oonverted l i r e c t l y i n to the o a e r ^ or o i^e pliotoat 
hV i in otiler words tne f i n a l en^r^ of the inoiaeiit e le* 
atronc i a astj^ smea to be 2ero* 'iSiie assimi^-tioxi l@a.£io to 
iii£lepeadeno;f of the ^hort wave*leiaeth l i m i t froii. the pro» 
p e r t i e s of the aaode iiaateriaX* 
However« i n the laeta l l lo anodes u^oa Xn Bnp&ri'* 
i.ents tue irioiileiit eleotroxia aro aubj@oteci to tne p&riodic 
I'ielu la the er^rntal* fheu t^:e x^rfmBoprooesa ot e lec t roos 
i c affeotedf a t leaa t» partialxjf h^ the pe r i oo i a i t ^ of ti^e 
£)Oteiitial f iel4# mid the apeetriM of the Bremr^oradiation 
. houiO show apeoial feature® oharatt teri i i t io ox' the ory»tal» 
eapeoiai ly l a the vlciai t ;^ of the hor t wav€-i© gth l i & i t 
beosHiae i n the- Breaa^proaese oorrespondlag to t l i ia i^peoial 
ra:iget the el&ctron aa,y have ver^ amall f i na l v e l o o l ' ^ and 
io t i ierefore iisore aucoeptibie to the weak or^iitallixM fi t i ld . 
i t l a poaeible to aasiuae t h a t the i r i te raot ioa oetween 
the Iriciaeat e l so t ron and the ato;as of the or^/c-tal l a t t i c e 
aen be repre;;eiited fey the e l e a t r o a t a t i c po t en t i a l f i e ld i n 
tne l a t t i c e * &!& aaeu:^ipti&ri ia reaaonabl@ oeoaao® the time 
reqiiired to e. . i t the photon wi l l be aoniilaered i^ o ahort 
t h a t the tiitifitlofii eqiUJLlbrias^ ol a l l e lec t rana be* 
loi:i^ing to tiie arioae or^at&l c&ti 4>^  no u^antti h& aiisturbed 
duriniis tli« proyea.r tu^d y«oiiaia« i n um tivut a.i^-yi-QX'Lu&tioa 
onljf "Uxn quaiitUM^ ti^ai^^itl-,^!;!. ox' taa ctut@i» Ci. zua iiiaidei^t 
eleutro^ui i e ox pri&ary iaportai.^ao. 
Periodic po tou t l a l f i e l d i n the orywtal« «»liioh 
lu aw8xt»t:ra for sisti^iicity to have ombia byaj*i<dtr^  with 
l'':.tti'^ e uojiwtiaTit w, cau i#e isxp:f^tiL'»^ Sk& Xoiiowf® i a 
''oi<ri«r atiri,0fi, referred to the o r / a t a l axes i 
U • VQ • ^ ;^^Y ®^P — (^ iC •«. (31 + Va, - . ( 2 . 1 0 ; 
<i'h^re Vg iis i^e aaaa iuimr pote.*ti&i of iha or^^.taX ttiid 
ihe ausaatioii ej.tex4aa ovei' <^  |3 , / ,«hich .^3 i i i te^ars 
or :&ero ejLaiu.uiu<^ o{« p » Y « w. i a tue purioaiO poteu» 
'£ial Xiexdt i^e ai^^a Vt^iue «i^'«atraa o« tX4«d i^Xwotraido 
^t£i.te0* tia» eu«3ri^' o^ liie ;;»iii3^  i.i v«iix,;h tL& Xa^or^ '^ii^  
ui.©s;troa i.ii 4*oy;Otiiouoi.ted *4ust i^ e Uie £li»il iinaXij^ Oi ti*e 
xaciaeut eit^^^troa OJ^AU. iu^ i>h(tf ^.hotor* eiAi.v.sxQn ox' x>i.& . aor t 
wa\re*ieii,sth i i a i t . i4)t thi . . euerii/ 4»© aal ied «ijgj_j^ . She 
iaaximii:! fre(iii^n0y V of the o^.itteu rudiatioxi i • Umn i^lveu 
•; i^iieoo&oitian 
hpV • «'^ ^ - ^a ia • • ' ^**^^ 
.a-^iir& )i„ i« 'fcht value oi -'itiiiaA * .-^  com.tent tierivea froia P 
fcjii fifcoovfe «i(iai».tiwi*« 'Xi*» cao»i.-oriut p aiMtiui;ui:;i;o^i i t 
i;aaii««i*u.it*s law. A!" --•.J^J^ s^i^ V t*® a@aign&t0u. b^ 
x^^ eii. ti:»u .»ou4.ixau M&arif^ oliufit* x^  lam xu tiae perxodia 
^o'Uiit ial j.'ite)J.a tu^e^ tJui# fu2.'jb 
h ^' • e( V*VQ*»; , . . , . . . . . . . . (a«X5) 
iier© w ia tue waris. lUciction wjb.eii the i&eaa imimr poteu-
kfi a;>:;roxl:aate svaluatio.; ai: ^ - i ^ -o-' a'it>.*ilio 
o ickdi ii^.ves I t J value a^ -29 ev. fliua tx.ie i*:^:iit.i.-.^e af 
ii,.,.„, i a not a®tili^?lble aa coc.iparacJ (».. tii t.^e voltage / 
u?-eG l a the ex^.e-rL-ent:; oj:f i-,-ontixiifeOuc x-ra^^ wi..*iutl.^ Ui. 
I'his^ fiiOaifioatiOi* oi' i-iiaae^Hunt*s law l-/auB to tue 
following r@i:.uit: »(iy De .^^ taueric© oi* vslu« of h ai^uii ti*e 
applied voltage : Kqiiation (2.15) ua^ be wri t ten a^ : 
a V » ev ( 14—|— ) « h ( 1+ ^ 
I t i s evident fx^a th i s 0Huatioa tii^at t<i« 
value a t h aj. aroaehes a true oostant h iaor« clooeXy 
Bii t ^ ai.,Ii«d -?olt£^« V i s ijicrft«y}dd« For & H n i t o 
vulue of V the ^aXue of h ^aust aiw^a i>e a&iuLXer th^ goi 
h„« !^iia reiatiOA &0ttt««£i h eyod V ha<.. never been pcinteci P 
out before* froa tne experiiieatal Qu^wrvuxXoaL tMs 
deperidenoe eeea» to h9 almost r ea l . He^raai reoalcia«* 
lated tiie vaiue of h trom Um varioma ea r l i e r aeai-iure* 
aeiite» referring to mi aa-uiaed re t of uaiveroai ooiu^tant 
and fouod timt tiie valuee are ae, endent upon the applied 
Toitage Vy aad in^areaac' witii i t in alX oaaes exeluding 
the .aeaaurw&ente of Kirlcpatrick A P4»ee (21) and iiolioiid 
& BoXJLuan (22)« ( i i ) fhe agreement t^et^eea h^ mM. tiie 
value of ?i&j«lii*3 oonetant obtaliwd &|r eptlx»al method; 
^&.\xsmk&&%B &^ ' .'^eaer ( 2 » attd iitit»Oj('Ml & ^mXliaoD. (22) • 
«klio api^lied ai ightly different , re la t ive ly loi9er volta{|ea» 
aM Ui^ ed clean turi^stef* t a rge t . , give aa a ia^ ean. valiui of 
h and 7 reSx^eotively h m 6*607 x lO*** erge»eea, 
V • et7> Volts* If V^  • ^ • 26*2 Voita far a tuagaten 
ta rge t , thea equatioa (2.15) givee h m 6,626 x 1 0 * ^ 
I* 
erg^aeo* Oa tus otlier ha£^ dy i^adenburg (17) iiaa 3^ported 
tue value of i'lmiQk*a ooacteiit by optieal method eoual 
to 6*627 X 10*** erg«*aeo by ascmiiag liydoerg conj tac^t 
ii • 109797*42 C3ffl*^  and eleotroaic oharge e • 4.805 x lO^^^su. 
fhudt ti%T9 i& prmatlQ&lly no &i£f9TmiC9 b«twe®J3t th« 
value a£ PXaao^*a couataat derived from the siodifled 
j}iu»cie*Buiit*s Imi aad tb&t obtained toy optical aetiiod* 
f!he l imiting imXue of h lor V approaoblng Infini ty I s 
ti»» true Plai)4^*@ oo£ir>tiiat« (111) Mplrloal. determl* 
nation of ^ g ^ ©i* aaode mate-ial i Hnyaal oaS^ouXateti 
KAJ. ^^ c^ ia e(iufitl«>a (2* 12) for metollle nloicel unuor 
^everel sliti|tllfyliig f^aumptloo^t suaii aet o» the one 
handf l a the evaluation of fo^arier ooefflwlen^a aad 
ooa ISMI other haiidt In the oalasloii of aany j^'ourler terms 
of &he potential U» Ke e l o oaloulated the v&lue of 
^£dn *^^ lainggtten aiiid oopper trom. tim difference of 
h (using h^ e^ual to the Vfilue of ?lenoJc*s oon^itant 
obtained b^ optical method) and h (ne^jured value of 
PXmmk*B oenotitiat uelng o r l ^ ^ a l Daane«>Hunt*e laiMr) by 
smkltij, use of the re la t ion 
&. 
'mln tt » eV (h. • h ) / h •«««»»*«««<2«X$) 
For tungeteuf there ee^ to exis t two values 
^^ ^iain •** *^aln * "SfitE eV as aeaai val.ue for Uie h i ^ e r 
©nox-g,^ - group and B^ ^^ j^ ^ • <H50 e? far the low energy c>xt>up* 
!^ Mi l a t t e r pos^-li^le but lees oertaln Mi^^^ ari&eo froa the 
iaeaauresionta of ilrlcpatrlolc ^ iioe# (21) mi& Dui^ »M iZO), 
It th i s lower value of B^ ^^ j^  ootalned by double crystal 
dp«atrom«t«r of hL^i^ resoXviiig power im& rea l exlat«Qo«y 
i t mlXl he th« Mnimum ooAriy of tim lowest energy hmui tm^ 
thmk th« ot^er of hi^^er enoriiy iMtoos^ ea that uf the aecoM 
energy band* To s e t t l e t^ i s point of view more acourate 
aei^ur^i^eat eeeaa to be ueoeaear;/* 
l a t^ie oaee oX oop^er* ^^^ * *2@ eV from the 
oaX^ measurement by Wa^oer (2$)* This iraLoe i s vex'y oXose 
to ttimt evaluated for aloitel i^^^^i^ • •SS eV ;^. fiiia ^ay l>e 
e^pectea fro^. tiio f.,iiJ.larit^' of the arystal structures of 
op^er mm Q±iik.mkt ^^^ that of atoiaio ^truotureij of these 
neiljhhourlag atoms in Uie i^eriodic ayetem. 
Henae l a order to ueteroine l^&2ioic*o oonatait froc; 
the uhoi't wave«»leiigth l imit o- tii© caatinuouii i»ray opectrusi 
i t le neoeasary to aea^iure the ii^ hort wave-length limit oorr* 
eepoMindi to varioue ap^li^a voltageof ualn^ tke i^ as^ e £JUZ^ aaode 
material. Xa tiJLu w^ one oaa hope to get out of ti.9 inooa* 
sictaaoy between the val^Ms uf h aeterx^iiiea ay optical and 
Xf»ray aethode. ^Itoreovert the miniaua ei ier^t ^^lin ' whioh 
i s pou;:ei&&ed h„ the eleotrooE l^ i^'i{i,^ liiig into the ae ta l t oaa 
he determined sifiultaneoualy* 
A new theory mim put forward hy j^hlow (5) in the 
year I960 to explaia the fine atruoture near the ahort wave* 
VoMQV^ aalaly deals with the shmrp mtxlaam or the iMXin 
si.&xiM\m ot the idochroi-at* iiubiow investlgateci theor«« 
t ioa l ly th9 radiation eialtted by the «»l@ctrozia sm ti^vy oroa££ 
the potentiaX dirop a t th« target Bweimo9 m& iat«rprotea 
th« liit«iiolty distjrioutioii n«ar th« 4hort w&v9mXength 
l i a l t aa osused b^ the above aei^tloneii radiation* He foujad 
a narrow intensi ty peidc; ^\IQ% above the l imi t ani identified 
i t as the (Silin maximusi. fhe inteziaity of th i s aurfaoe 
radiation i s very aenait ire to the width of the potential 
drop* k doublini^ of thia parfoaeter would be enou^ to aalce 
the intensi ty ^ o low to be i&eauiirable 0 ) « ohlin maxima 
arof howeTer* explained oonolueively by iUjboer'a theory alao 
as hac beim alu»wn before* 
Albert (24) found atep^idae breaJta in hia itiO«> 
chromat oitrvea £rom thiok targets* tESieae breeita were leas 
pronounoeu while usin^; thiimer tar(^etg bat the f i r e t oaxi&a 
regained quite uninflueneed* 7ble lead JUiblow to the eon* 
elusion that the oharaoteriatic mi^n^ loaae^i should beoosie 
leet^ pronounced in thinner targets* 
An objection againat iiublow*a theoriy wae raided 
oy i*i^m (25) in 1963* Aooording to iioblow the photons 
giving r iae to the ahlin aaxima are produced ^uat on the 
auriaoe of th« target material iuidf tberttfor«t the 
JLacid^Tit eleotroms are oat exieoted to ^uifer ariy 
mxevi^ lQa&* It t .ie juitorpretation be aocepted t£.eii 
the eoaoets of tiie ujHia focydma ohouXd not b« observe 
able, i^ t BM i s evident from the reauXte of tiohMiemBon 
(14}t Jaadetrom (26)t ^rgwaXl & fjagi (27) ani otberst 
l a a i l weXl reuoived Isoohro&ati) echoes do exiot. 
Oiie more attetipt* that has been i^ ade tj^ ' 
bUjli^to (28) to explain the fine & true tore ij^ aj alao 
be mentioned here* Shis author doea not oomiuer the 
ohars^terietlc esmrg^ losseii a t a l l ^aXln tLe^e loases 
are thought to be one of the main phenoi&enon IhTol^-ed 
by o theret »o mioh ao that laue of the ohsxaateriatioa 
enerjy looses of eleotrona found by thia etudyp oos^pare 
well with those determined oy plae^a oeoll lat ion theory* 
Aa a matter of faot* the iBOQhorsuK%& sees to have their 
origin in the ^ehiiVior or the priii^azy electrone in the 
target ioate.ial* xnerefore a theory of fine ^truioture 
with no ooiiaiaeration of oharaoteristio e u e r ^ los >ee 
h&£i l i t t l e ol;^ anae to be aooepted* 
Xhe fine atruiisture a t the ahort wave«lei:igth 
l iAi t of th€ continuous l*ray apectrua sometia^a cosiparee 
wmlX witli smtm atoeorptlon •dg«8 for Vm sttl»«toad« va^9t 
laYQAtlgation. Aa iljboer iias pointed oat h&th pimaov^stm, 
•re aimiXari aiiid* thay giv« a ptioti&ra of V&% oaA atat@s 
aiod dapand t^ a^a tha band atruetura of tha matal* ^aifa* 
fora* i t la tliau#it daaix«bla to diaauaa haira mmm raXavaat 
faatoraa of tlia £<»jray al>> orptton apaetnift* 
Tbm «]&£iaaea or ikl»a«rptlo& liaaa la tha JD^ voy 
doAaixi* aoalegoaa to tha eptioal aib&orption Xijmat ia tba 
foot <m K^Gli loaaal (29) foiuulad ikls thaozy of ^ e aaoh* 
<uil@« of £w]Nidiatioit* KAaaal ooaaidara tbat during abaor«» 
ptic^ of X:»Ta^& Ki aXaetroa rat^vad tvm. an liuiar sliali 
oiaat im ajaoted ittm tba atoa or» at laaatt i t must lE>a 
brooglit to tlia paripliary of tlia atoft* Siaatin^ aaiaaiou of 
X^ raarOf bowafart tika isaar abaHl vaoai^ jr aay ba fllXad up 
hf aXaetroaa la tlia Eiuaaaaaiva outar ahaXlot aot aaoaaaarilgr 
i» iBia atap tm& tha outaraoat ahaU* IM VsXa e&m iim 
radiation prooaaa ie not rav^raibla* 
Tim a^iaorptioa of X»ri^ a la s/mmrnl daoriNiaae in 
aoat of tba alaaanta aitli laoraaaing f^fuanoy of tlia radi* 
atiOB* If* howavaTi tlia oritiaal fraQuanay of an a^orption 
adga ia paaaad* tiia til» .^orptien etaddaoly Inoraaaaa to 
dtaemBa^ again at hl^Mr fraQomaoiaa la tlia ordiaazy wigr* 
fhto auddaa iaoraaaa of abaoiption la ooaaaet<NI with a naw 
probi^iXitiy of Ml)»sorptiaa ot a qu^ katTSia i . e . oe^t hy 
wHleh aa «i«dtroii from m m»r% lammed. Bky§Xl i s rmmvBd* 
Aatuaiij .:iAtt«r0 rnxsn a l i t t l e mov aam|ilia&t«4 at tt.« 
siiQrt #av«*l€«igtli side oi: tii* 9*:^ g«t t l^ aiioorption 
oo«firicieat la not s s tr ic t ly im&at&oowi faaeticn of 
tho froQUOiieyt Init in « re^oa extmuiim to oovojral 
Imocijpsis of iFOlta from tiie aala o d ^ fXuctiiatioao in 
tli« e^sorption ooeffiaieat aro foiuul asuntBtiia^ to 10% 
QT ^Dfo. i thftorjf of this r^mjrit&blo s^oaoinoim sailed 
tbo fizM at3Pactar« of l!*!^ aI»r»orptiOQ o^^oa i&ao l»«on 
givMi ))i Kroais (50) ea tlte luuiia of quantinn i^ eohimie®* 
JQio re^^oval of aa olootNsa twim an imswr eliall 
ia raapootiiiilo for ttm aiboorption of mi onorgy^  foaatiw 
largor tliaa tho orit ieal oaa and for 'Qiis reaoval a 
OLixiiamm ^nmrg^f oorrospoMin^ t& tha aaizi adga it4.«lf ia 
Qooo^ aarsr* ^^ '@ oleotroa trairale tlureu«|i tha ox^«t&l 
latt iea «i t^ tkim raaaifiia^ oaorg^ r &s^ a 4.aflait« do 
Broglia «ftir«*leiigtli oorraapomUng to i t s valoaity. It 
tM@ «rava*l«iigtli and tiba dirtotioa of proj^agation ttoold 
aatisfy tiM wall lomrnn Brag^ralatioii i t oan tm soon ttiat 
Vam alaetron wil l ^ t novo tlbrou^ tha lat t ice &t a l l aod 
aa a ooni e^wioa tiia corraepondiJig foautoa oan xiot be 
abaoroed. la ^eneralt soaea of pan^itted ttaar^siee alternate 
with forbiddUm mmo* thX& hoXds tor oam parli<mXar 
41v«aticia in tbo OT^ retflkl Xattio** But i t Qouid IMI s£iO«n 
that by mwwNigiiki ev«r a l l diroistioiis ia tit^ latt ioo 'momm 
nat r«siat l» l « f t find tbio Is r«apeiisibl« for tili^ o fi£»i 
•truotur* oX tit« X<*ri^  •a«f«@« in aoadrdiuios tsdta this 
thsorjv Oo&tttr & fsldi^aap ( ^ ) li^v« «iii«>«ai t ^ t tii# f ias 
stroetar* of Ai»r«r «u4sei» 4« '^«na« in t^« f lrat ia.&a« upsa 
of 
th@ t^j^9r^Qt&l 9truotur« of tho al>oojr%>ia£ <^ ij^ . toa^o aad 
tkis oaumot De i«>&or«a Ojr tli« thoor^ r oTeiii at a ratuer dtiort 
distanoo fros tho s^ aiia edga« 
Q^niat i t ia Qudto avidoiit lUtiat th« fins strootors 
(Kroaig atruAturt) i a tiia I^rajr atoaovip^oii opaotsraa daj^ aada 
upon tha daaaitgr of atataa in tba oxarataX iJittioa arid in 
turn upon tha alaatronio tranaitienat wUieii ia aiaoat tha 
caaa for oontiiaiaiui ^rmjf asiiaaiim afaotnia* fharafora i t 
ia Qoita natorol to axpaot ao£Ui aiaiXarii./ ]s»at« t^n tba tao 
fina atniotiir^* 
2«' nitiiia ffjffljUiMf^ I^fffiar mi ^imxmWFUm mmfia 
' K^mlm-}m*^t^^:'i'h\mkM'^^Am 
Hum aleotroaa intaraat ia ootaia tha natiurai 
foaatioa ia *to viiat axtant doaa tlia iataraotioa oontrol 
thair aation?** Aa a mattar of fast i t ia a aatiar»^o4y 
probata. I t i s oaajr to uiidarsta^i4 liow two fraa olectrona 
interact but the extent to which this lew of interao* 
tion ie aodified bjr ^ le immediate enviroaskent ia a aetal 
i.e. Toy the presence of other electrons aod positive 
charged ionst is a decisive factor for the present problesi. 
Two radically different approaches have been 
proposed for the many • elactron probleai. She first is 
an independent electron model in which it is asaiiaied as 
a firat approximation that the motion of incoming electron 
does not depend uj^ on the luition of the otlwr eleotrons* 
Th9 effect of t^e other eleolarona on tae given election 
ia then zvpresented by a waeared out potential whioh oay 
he deterained by \xsing a self coiisistent field method* She 
simplest version of this aodel is the Hartree approximation 
in vAiich all correlations in the position and energy ox 
the eleutrona induoed by either the Fauli principle or 
the oouloab interactions* ar^ negleeted. fhe Hartree 
approjEiaation is ^ t e suooessfol qualitatively t and in 
many eases quantitativelyt in predicting the metallic 
b«bavior« Its sueoeas augers well for the independeat 
electron model* 
This success is chort lived however oeoause 
oloser investigation discloses that the indepe^ ii.ient ioodel 
is ziot self consistent* Shus» it is to be expected that 
mxy isiprov«i£«£it In th« Hartx^t t^%ovf ^ i o h takea into 
afiommt t^0 a^^nrtlations induo^i b^ tlia Paul! prS.xi&ipl9 
or ttM CouIoaO) iaWraotlon «Kmld ld«d to better itt:r3e3itt;>t 
idtli exp9rii»«at« Jooh io not %h9 oa3«« Indeaa, mien the 
effeet of Pi»a2J.*8 prtaoiwlm on ttm smtttllie properties 
o^er tbaa energir i s inoXudedt tbe aHove laentloned agree* 
sent iMtweea %3mQvy &aA experiment i e deetroyea* 1!be 
i^itnation la only aaAe worae ^ an att^i^pt to InolMe 
the aouloi4b interaction in the trtm» work of perturbation 
theox/ for in this oaee the cciergjr of the 3yster» it£>eif 
divergeo* 3inoe the intereotion ia* in principle at 
laaatf oapaole of influenoirig the notion o£ many eleotrona 
^lanitaneouaiy and* therefore* i t ia not aurpricing i f 
an independ^it partiole node! for the metai faila* 
Am ail alternative one owi then eonsider a cioite 
different i^proaoh vi^ iioh ^apliaaifteD the oollootiim iiorre* 
lation of the eXeotr<Ma notion* Xhla approaoh haa i^ een 
developed in a aeries of papera hy mi9i4. Bohm md David 
Plnea (92* ??» M & 39)« In the ooll&etive desoription* 
the oorrelated notion brou^t about h/ 1 ^ Coitloiftb inters 
aetlCMa heteeen ^ e eleotrona ia oonaidered at the outaet* 
The oorrelated atotio^i oorreaponds to the oelXeetive oaoi* 
na t ion of the @yat<ua* wbioh reseablea plaasia oeoillationa 
fs£iiliar from gaaaeoua diaoiiargea* then the distant.ea 
iavelvsd fur« lasf&i o^y;>ar«4 to %im iiit«r»parUoXe 
•paeiiii^t tb« 9y»%tm ^ehav^a aeaJLeetiv«2jr s>oA i» aost 
i^altaMjf oliar«o1»Hs«4 hy m 99% of li&moiiie osoiXlators 
iribdeh r«i.rtts«iit pUkmam eseiUfttioos* 
^>4«1 X98d8 wm to ooncXu(t« that ooiT«lfttloiis bttmitn 
•^•etroA* ar« importa&tt th« oelXciotiv* desoriptioii 
X«ad8 to the ooaeiueioa t ^ t m doaeslptloa of tho «l«e* 
trons 8US m, cyatcia of iii4opoiiciont jpurlialoa i s oftwi foito 
•ppropxlato* ISnuif both iipparoaolMio aro ooiroot la tho 
aoaso that ttm oXootroaa Sua. a motaX aro aa^ a^bXo of Siuplylng 
both ooXXeetiv* am^ i»divi4uaX portXoXo bahairior* 
fism Itsmy ^ "fehia dinaXism la tho und«rataiidiii(g oif tha 
affaotiva Xaa of iatavaotiwa batwaaa tha aXectxona. Xa faott 
tha oorraXationa ara important i a datanaiziiag tha affactiva 
intaraotioA batwawi two aXaotvoaSf and that tha iataraatioa 
ia a aoraaoad CooXoab Xaa of ibiva with a raoga appvQxim^ 
taXy a^ oaX to tha avaraga iatax^»aXaotz«a apaoia^ ia tha 
aataXa* ttsm^ i t i s phyaioaXXjr yXaoaibXa to traat tha 
aXaotrea ayatwa aa a grotip of aX i^oot ijulapaadaixt pertioXaa 
WM»a tha Xoa^vaio^a oarraXatioaa «Moh Xaad to this aoroaaiag 
hava ba«i taicaa iato aooemit bjr tha iatroduotiaa of pXaaaia 
oaoiXXatioaa* fha iadapan&aat particXa aodaX i® aXso aath* 
atsatioaXXjr pXausibXat eaa Icaowa that tha oorraXati^ia broo^t 
•boat ^ Paaxli's priadlpX« oiid t i» •ff«otlv« alsorVarang* 
0ov««ii«d latftrttietioa do r«|>r«@^t • 6^ipiurfttiv«ljr aeali 
ooiTtotioa to indo^ojr^oat oXeotroa aotioiu 
Tteamt aoeordiag to tho ooileotivo doaoiljption 
mm mai/- oxpoet two kinda oi txoitod states la i^otals 
eorroopoodloa to individuaX parUclo oxeitatioa and to 
oellootlvo oxoitatlwa of tim ojratim* ^Isdf ordiaoz^ 
oiromiistaawoot i a imioli thOBitil oaorgsr i s ou^pliod to tho 
e^otemt oal^ ojcoltfttloas of t ^ f i r s t lelad aro important. 
£b« «aor(ijf in tlis jplAma ^^ iiaatiaa i s siix4.flosfiti;r ^groator 
tlum that of «a sioo^rwi at the top of tbo fOToi distribo* 
tioa» so that ao oisotroa ia tho laotal. wiil liavo auffioieat 
thojmai oaorgy to oxoito a piawia osoilXatioa* Tim pro* 
labi l i ty of thovaal oxoitatioa of m piaoo* osoilXatioa i s 
asgligiiiXo* Iff iiowsver^ m fast oharged pariioXe ii^iagsa 
oa tkio astalf i t iriXX bavo ^uffioioat wentr^ to Oiioito a 
pla@iaa osoiXXatioat and oao may oxpoct tli*t tbeao axaitatioas 
»iiX pia^ a iroio ia det^rmiaing tho naaaor i a wMch tbo 
pavtiola traasfors saorior to tbo aatai* 
13iit «2&0itfttioa of plsi^im osoiULatioa i s tho meoii* 
aaiam by tidiioli a fast olwrgod partioio traaafoirs oaaxgy ia 
i o a ^ n u i ^ Couioab oolXiaioas with tbo ooaduatioa oioetroas* 
^to oxoitatiwi of Xwigitiadinal Bl&mm, wave ia dix^otiy 
zttiiaUoii <CM?«iiicov radiatioii) o^«rv«il «b«a » f@rti@lo 
v«X&oi1^  of l l i^t ia «li« »o4ii»« Hui pitrUol* will l«av« 
iMibizid i t a VM^vt of ooUaotiva oaoiHatioaa iMeli oarrsr 
aiMijr tiM tmmegy givaa ^ t)iy tba partiola to l^a awOiia* 
iiaoa tha ^aaaa oaoillatieoo ar« qoaatisadf t^ 6 eliariS«4 
partlolo wiXk s^va i^^  mmitgi in 4iaarata aaiouata oarraa* 
p.Midiag to tba iMs^ i^l© fiaaaa ^lianta • Ubtw, an ttmlyaia 
of fast aleotrana Oiiarging from a %hin aataULio fiXa mm% 
^owt ia tlio fomard 4irootioii» «l.«i&troas alii^ti Imira lout 
3X0 mmrigyw oasita4 mtm p3.ai»a ^^ oautimi two plaaaa (p^ mtun 
otOe jttoli 4i9ovat« mi^fgg^ looaaa ia sniitiploj of a i»aaic 
^^ matoa «ar« first oboarve^ ii^ ' St&tlMimaim (96) aeul Jbaag (57) 
l^^ir 93Lp9Siaim,%t» yrovicia 4ir®at axi»ariaaatal oviaarioa for 
tha axiateooa of plaaaa oaoilXatitm in a^atali^  mid tor tha 
fraqoazio/ at nMoh suoh OAOilXatioaa taka pXaoa* 
sua tar^ **plaaae]i*' iiao bawn iatroduijad by Pinoa 
(9$) to daiMtril»a tlia Qfoontuia o: alc^ Nifitaiiar axeilatioa wikioli 
ia aoaooliitad idtH thio oo3.1.^ »tiva oaeiiXatiim* ^m aatottiit 
of im.ari^  tr^i^farrad oaa 0iiXjr o-.ouTi as stataci nbor^, i& 
intagral smitiiilaa of alaaantarar ^Ui»t«ia of i^a t tl^ piaaooa 
aaar^t idiara «^ ia tti^ a oiroular fraquaricy of tl^ flaaaa 
aaeillatioa* fl&i@ fra<2tieia«ijr la ax r^aaciad aa 
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&l&&tt9tk» «r# oa£i£$i4«ar94 ia tuft a&Ltf'y.i.*ti<»ii« « #^ M ajpr««iiitttit 
lMitw««ii th« <ii«dtroa« idiloii aov« oolXeotivtijr a^ ^^  tboatt 
^ilob do aott t«»S9 to daisp oat th« plA^aa oisoiXlaUa s 
AM loads to • ^roadoniag of th« ooorgsr dlotriteutidii in 
tlio ohsdfaotoariotics 9si/^g3f iosoos* Tim thttttxy aX»o pro* 
dioto tl^t tlio ol»o«nrod onorgy io^a sajr dlffor fvom ibm 
la a givcii sol^ id €ym to tl^ o imtorbaitd tro&oltioiio aad 
^i«ris«bilit3r of t ^ ioa ooro* thim d^pmias upmk tuo 
Oiudiiig oaoTi^ oo of valeaoo 6i)d oo2<« olootro»« roXativo 
to "isML* It bXi>MM6 myagt$X9» of iral«»fiao eiec-
troaa aaro oi^ iaXX wad tao^a or oora eleotroos X»rs» ooiai^ aroa 
to iiir « tb« eaavrvod losa would %« oXoaa to"^* • 
i t i@ «vido»t tnm tho aliovo di.ooueaion ti..at tlia 
fiao otr^etiira aoar tho abort 9aira»Xeiigtii Xlaltf tiio fina 
atruotor* ox aboorptloa •dgoa aad finally the oimr&afr^ 
atio mnerey Xosoaa ot •lootrens« all ara affaoted ta soma 
axtant l^ the toaod atruotuz^ ef the 8oXi4 under inveetlga^ 
tion* lEbe diseuasioa wouldp thareforat be Xaokiag if 
xMthincS la aald about the baod tiiaoi^ itaalf* N«aoa iuraad 
Ofatiinaa ot the baod theoi^ sr wo<aid ba aeatlooad here. 
OxyatidXiaa BoXlda are ci&aslflad aa smXomlBSt 
0OXi4a and oovaleiat soXida* $ha ladiiriduaX aoXaauXea in 
the foraar are bonded together b^ vmn der faaXa xoroant 
vihiXe in the latter eyei:^ atoa is bonded to ita naighboiir 
by ooTaXeat b^ida* She metaXiio bead aad tue bonding in 
oovaXent oxyatala* ahiXe quite differwit in their generaX 
oharaotart are both dependent lapon the danaitgr and the 
diatribtttion of foantua atatea in the aoXid and the wear 
l^aae are popnXated by eXeotrone* IQiie eXeetronic atn»» 
O'tore of ^Xida aasr be deaoribed by ei^er of the tvio 
e^nivaXent ^eoriea* One of these i@ caXXed the band 
tha&rr ABA ttia other ia knoen as tha soaa theory* Both 
theoriea are oXoeeXjr XinHed with the bonding in the soXid* 
She band theoiar evoXves directXy from bonding oouaiaerfttiona 
viiereaa bonding la not diraetljf iavoXved in Mmm theox:^* 
Xnataadi the interaetiona of the Xattioe with the eXeetrona 
pXagr the doaiaant roXe* 
I t i s wdXl icnoim toat l a %h9 torm&tion of 
oovalent bdM» tkm ojsuurgy a ta t ss ooatAlUi-zig turn lK>iullag 
el4iotjroxi& apXlt l a to two o^mal groupst en* of ndiloli i s 
pruiiJMO-tod i a o(^«v^ whil9 the other i s (I«p7«ii««d« fim oaso 
of oajrboa l a forsla^,- tho alai^essd psvs^onto A t^ploal 
9ixsmpf* 's^mih o«rboa atoa forma four kigr^rld 8*p Isoxido* 
Siieao ar« direotod a t tetrotiodral aiigXtts Xifikija^ aaoh 
a^& l a t^« orjrstal with lt& four nearost ziei^il^oiara* laoh 
oar)»0]i atCMB oontributod ei&nt atatoa to t ^ ajstm^* Th*B9 
9tate@ &pXX% up iixto a tset of high mutrgg Taeaat i^tatoa 
(aiiti*boMXa^ statds) a£i<l tho Xow»enorg2r bondii:;^ atatoa. 
Jinca tho on t l r t ost^otal io a oinglo syatastf tbaaa statoa a r t 
no Xsng^r deaoriptivo of individual atoaa» but oharaatorlaa 
tho oltotr^aio atruoture of the oxystal a^ a iiidioXa* JUrthar» 
Paul! * 8 exoluaiou prijaoiple roquiree that both tho hoiidliig 
aa4 auti«»bondiii^ s tates ha dL-^tributed ovor a r&ng9 of 
anari;^ ra^ior thim oonstitutiisg a doiaaarato ^at» eXl haviag 
tha »Mm« mmvgy* Haw«v«r« tho onargiea of tha atatoo wiH 
ha oXoaal^ apacod axid Vsmy wil l form a pai r of boada* 
Warn aati*honaiag atatoo cooatituta wimt io tamad aa 
oonduotiwi hand aiid the hand ocntalniag hondic^' ^tutaa it oallod 
•aleuoa hand* B^fsi a l l^ t moit of tho eleotrona of tae ayatoa 
wil l he in one of the valenoa»haiid a n e r ^ ntatee* fhojr are 
frt« to aov» akK»ut tkw oryat&l liut ar« ooui4«<l i& pairs 
Ikiviiicj •^ o^al but opposite aomtata* flmcit vvwi t&im^ 
th« •Xeotrona la th« valttaott iMuid sre »obiX«» th«7 oaiiaot 
ooaduct •leotrlQlt^ if tli« li«o4 i s fiXl«4* Tbmv meet 
Ik0w«irsr» a mmhmt ot asohaaiaa Isgr idiieh tha aleatroas masr 
ba axait«4 out of tba vaioooa band into tba conduotion 
band whmT9 thaar ara ea^ abXa oi' oarzsria^ aiaotrio mtrraiit* 
Eiimn tamtS^ %h9 aatalXie bend ia emiaidarad to 
ba Quita diifaraat fspsa tho oovalaat boadt tlia diifaraaoaa 
ara quita auparfiolal. ili«:i a group of atoaa i® oimdaiiaad 
into a oataXiio oxtyatal* tlia statao ia tha M#ia@t p^aamtua 
Xavai (vi^oh ia populatad b^  aleo'teroiia in tha individual 
atoaa) aplit into banda aa in tba oaaa of ooTalaat oryatala* 
Aa aa^ aebXaga of atoias will ba matallio ia i t s propartiea 
aithart v^ ian HIM unabar of aleotroaa pwt atoa i s saaULar 
tta& tba iB»bar of atatas (ia tlia Mgliaat aaargy baad ooa* 
taiaiag aleotroas) par atoa or yn^mk tktm two bands (Talej^ ja 
miA ooaduotioa) ara si^ raad orar DUOII a tooad rmgm of aaargy^  
that VoMy OTarXap* VauaXljr thara ara aot aaougli aleatroaa 
ia tkm aatala to forta peraaaaat boads bataaea aaoh at«a 
a£id tba aai^ nbour* fraasiaat boada raaoaata batvraaa tba 
aai#ibours« Shust ttia boadiag aleotroas raaido ia an, 
iaooaplata baii^  of aaargy* 
0t«t«« Of lo««0t mamrgy at abselmt^ s«ro« At M^ t«ip«r«» 
atiur* alK>T« %til&§ th* •Xeotrons will ahttr* tho tiA«rmaX 
<iii«v^ maA m ocrtala tnatifm of tli«8« will popalatt ststts 
fc^fiiig ^•rgitts ia •X99S0 of that of tbt ^igiioot pepalatod 
•t«t« at ab^olttta saro* Tkam^ Urn )»ottoa or ikm hmvA. trill 
oooaist of ooa^lotaljT fillod etatadf but in t ^ ra^ea aaar 
tlia Iki^iast popiilatad stata at ajbcrolmta aaro th«3m would ba 
a diatritotitioii of iwrtiall^r fillod aa4 •aoant otatao* Aoo« 
or^Jjsg to tba Favai«i>irae dietribatioat Vm Faxmi^ i^ jrao 
di^trilmtioa fiasotion f ( ^ ie givaa k^  
J (£) a axp • — ,«». ,(2a7) 
whara ^ i s a paraaotar bnviag tho Aiaoiwiozui of rnmrgf 
oallod tbo Parmi^ i^argy or IN»mi*l«iralp k is tiio Boltsaium 
oooataat aad f in tfaa a^aolmta ta^ptratiura* fli« i^isfaical 
oigaifioanoa of ^ io that i t r9pV99nt9 aa eaorcf ouch 
that tho amhar of aooapiod states having agi m^mt^ in 
axoaao of ^ io a^ pial to tha wama^r of vaoant stataa having 
an mMOp^ laas than (^  « la gamaralt tkm !^mtJL»mmtm » i ^ 
•afjr with taaporatoxv* 
2ho Imad ^ooxy aa davalopad ahov«f io a lo^oal 
osrtanoioa of what ia Icnown of oovalont bond* fha g«Eioral 
otttXin* of tiM )Miid 8trttotar« d«duo«4 IA tal« i&wmar 
l0 ooxT««t» tout Miiot* fMa lEBOtdlxig that tii« •iMNrgi' at«t«« 
split aiiUl fora b«ridt t <»i« iia«di« to kaxm as to llow tho 
atatoo «r« distri^taA la onargsr la tlio a^iid* ibea a 
Xurga ana)>«r of at^ &o are ooa&wasad Into a oryatalliaa 
sgrataof thora 10 ea altamatlva matimA of a|»pvoatiiiaii 
tiio pvobXoa mich provlctoa tlilo lafox&atloa a2.oii#vitli 
mm0 ottior qtui&tltatlvo lafoziiiatioiui about tim s^sttta* IMa 
^pproaoh Is kamm aa aana tlaaoiy of aoX14«* 
It may not l»o d08lrai>Xo to doootlba tlio zmm theory 
herof lu»iMivar» anjf ataodard VQX^ on aolld at&to pi^ &leo 
wllX ^vo Its detallo* 
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Shore are two ymlX kaowa mmtiMda to stud/ X^ro^ 
«peetr«4 OQ» ootmiBta ia aa la f inlng a ooostaat voXta^ t^ 
aoro08 tha X»r^ taJ>a and invaeti^atis^ the lat«::^3lti/ dia* 
tribtttioa of Mm radiation a^ n^izmt tba miva^leagtli* Tu9 
ether ma^ u»d oonsiata ia ata^ixt^ the imtansi^ at a «^yaa 
wava^leagth aa a fonotioa of voXtaKe* It iu thia oathodf 
eowmxBiXy oaUad th« iiioohroiaat aeti]^d» idiich h&a baaa tt£»a4 
ia t ^ present work* 
k iNmt oxyatal apaotroaetar l»aa«d &a ^ahaaa*a 
aetho4 (1) waa mrn^* Tbm priaoipXa of fiha apparatus ia 
iXInatratad ia Mg* 5«X She radiatim eooJjig froii a wide 
feeaX apot "3" without a sXit i s vetXeotad tmm tba haat 
orr«taX "G" n^oh faouaas nm diffaraat «ava*Xeair i^a vq^ oa 
a eiroXa ooarraapoadia^ to Baiia.aad*a oiroX« **E* far a 
oaaaava gratiii^» fha diaaatar of the oiroXa ia •^ paaX to 
the radiua of the oxjataX. fhroaiEh a aavvow aXit "a^ " 
oa the oircXa a aKmeoieiroiBatio IraadXa of X*ra^ 8 eaters the 
aeigarn^ i^iiXXer ooimtar w^om axia ia paraXXaX to the oaa* 
traX r^* 
Tbm deteimiaatioa of she waTo^ Xeagth i s mMtt fegr 
i!'ig> 3*1 irTicipItf dlagraia of the spectroiattter* 
S, l^ocal spot; C, Bent-crystalt R» 
Eowlaad'8 c irc le{ s , ;5lit and a.M.» 
Oeiger-i^luller tube. 
miBmjB of « 7ef«ren0« Hxm in t\m foIXowlii^  wfor* ^ aaodt 
wOileli ^v«9 « eiiitaU.* ohitfaat«riatie radiation in mouatod 
in tbo l*raar tolto* fbo aowitor moA tim a l i t t«iU.cfe ar« tixodl 
to/^thox-, M?o !ioir«4 along %t0 0%TJil» aoroso a s^^^tral Xiao 
of known wwr^mXmtgih an4 tHo iatoneity diotrllmti&n ia 
thorotegr iaoaoorod* flio position of tbo lino on l^ ie rtawXaad*o 
oireXo Vsgm 4otozmiaod* fja» ^ oigasS i^XXor ooontor ia titoa 
pXaood ao tliat tbo aXit ia at tliiO poak of ti»o Xino* fha 
«airo«X«ngtli of %b» radiation iMoli aotors tho aXit now baiag 
Jcnownt tiom isoeliroaato for may aiu»do oatoilaX oorroapoading 
to this «av»»Xtt2 t^h oaa b9 isroatigataii* 
Tha radiation wiiioli antara tba d.M. ooyntor ia 
i^noolueoaatio imXy in tha eaaa sAiaa ^la aXit ia infinitely 
narrow otharwiaa ona obtains a waira*Xan«j;th baod inataad of 
a iiii^a wava*X«Q t^li« In ordor to raduoa tho reXativa na* 
oartaixitar in tr^ a ^Biva*Xangth oaa liaa to ampXay a irai^  narrow 
aXit witb tha raanXt that tlia intansity of tiia radiation 
entarinc^ tha ooantar woidd ba too Xow to ba of m^ uaa* 
Shia diffionXtgr oati too avoidad* howararf and ona oan aapXoy 
a aXit of finita widtb without introducing any arror* a^^ 
anown lagr C^ iXin (2}» But» tha oaatra of tha sXit aboiiXd ba 
pXaoad iipon tlia daairad wava«Xan«£tti« In may caaa tiio aXit 
eo^t to ba narrow mo that tha wava»Xangtii raaoXutien ia high* 
5*2 goaatgtiotioa of tlie »p«ote«wfg t 
fho sp«otroiMrt«r waa originally o(»i9iumot«<| t»y 
Ohiin <2) ftAd was lattor iapTOVsd by ^llftaoa (?)« la ooa* 
«true ting tiie 9p«otrcKu»t«r apoelal attwitioa »a« givwi to 
obtaitt a good Taosuia* Sluo bo4y of tJ^ o apaotroaotaar aaa* 
tjcieroforat a ^ t of wroui^t Iroa wkiloh him a iraj^ y X&m 
poroaiV* ^ oi€izia3ry X^aaotioa eoaatrootioa h%m&$ 190 
om« loni^ witii tlmi^ea 29 ea« wlda waa ampleyod for tba 
baaa of tha spaotvometar* ^he greiuuiai tap aurfaea foraad ^am 
bottoms of the apao'^ po^otav* fhe oovar waa mada of a bailor 
tubOf 30 0£* in diaoatar* ISba tuba ima aaotionad parallal 
to i ta axSa ao tliat saaawlaAt aoi>a tiiaa a semiHslroitlar ojllMar 
waa laft« fba flaagaa raatad upea a r^ ibbar riag ia tha 
bottoa Plata provldiag a rmmm tight aaal* 
l*ig« %i praaaata aa iaaar viav of tba apaotro*» 
aetar froa abova* C^ba aaia parta ara tha A*jray tui»at tba 
oxyatal aad taa dataotor ooasiatlad of a a l i t teid ^aigar 
eouatar* Zba X r^ajr tuba **?" ia oauatad ia a fixad positioa 
at %f bottoift* fiia plata "P* abiab oaa ba laiyfad rnkma^ two 
traoka "t" paraHal to tba long aada of -yia spaotvoiaatar 
oaxTiaa a ooaa oa abioh tiia oxyetal holdar "ii* ia stoimtad* 
Slius tba ozyatal oaa be tiiraad aa wall aa aoved aloag a liaa* 
Tha Crelgar<»lialler eoimtar ia aountad ia a aiailar iragr* fha 
i 3-2 iMNtH VIBW OF THE S P E C T R O M E T E K *"^0M 
Fig. >«2« Tv X-ray tube; t, Two parallel tracks 
along which the plates P and F suppo-
rting the crystal holder D and &*M. 
tva>e 0 respectively uiay be moved. 
G«^ I. ttibe la operated froia outside 
hy vacuum-tight vertical axle V 
throu^ microaeter-screw d* 
pX«t« "F" aoTatoX* along the tjraolui supports a olreular 
Plata wbioh oan ba rotatad about a rartioal axis* ^ a circular 
plato carrlaa a ball*bearin(^ sllOa* 'SM a.M« lounter 
"0<* la aountad on a vartloal ooiia on tha aLi4a and ean 
b« laovad along ti.o allda i;^  maai^ of a oior^ietar aoraw 
•M". fha vartloal axla "V asya ba turned from out sida» 
fhe siotion la trmiat^rred ibiy joaana of oogi^aala to a 
iioriaontal axla n^sdoh la oonnaotad to tha aiorosetar 
aoraw through a flaxibla aatal '4rira« fhos tha tEioroeetar 
aoraw can ba moirad from out aida tha e|,aotrcKaoter* fha 
TOrow*oatting i s rnrnd throui^ a window at the and of tha 
aiiootroiiatar by aatmo of a taleaoope* fhe rairolvabla axla 
"Y" loading into tha apaotroraatar throu^ tha bottom ia 
eada vaetma tight bj ua3M^ &yphon ballown* 
^ Boving Vat QtmM, oountar along ti^ a traojcs i t oaa 
ba ad4uatad ao that tha s l i t l i ea upoo tha Hoi4.and*a oircla* 
Bjr aaana of tha fiiioroaatar»a<iraw i t oan ba aovad aiong tha 
tangant xo tha oirola ao that i t ia pooaibla to aaaaura tha 
intoiiait^r diatribution ia a givan «afa«»langth ragion* 
A detail @d de'orii tion of tha varioua parta of tha 
apaotr<matar follows below t 
Oaa of tha iioat ti^»ublaaoiia probloK^ in tha praeant 
typ9 oi i i iv«st l^tioa la ^Im oontaadaatloii of tim target 
«ikil« i& optratioii* I t i« well kaoim ttiat a oerteia 
eaoisit of vapoiirisatloii of tho oathodo oaa not bo avoldod* 
Soogaten linos ap/oar in tho speotrua froa an l^rajf t a ^ 
with tu&gotoa aathodo i f th.o «xp09\»« taicoo a loa^ ^ tiaOy 
a3 obaoTved by fojiaoto (4)* In order to iainiaiao mich 
OifflouXtioo (MLia. and ^Ulaaea oonstruotod a tubo with a 
largo diatanoo botwoon tlio eathodo and tho target, fhoy 
al? o iaooz^oratodi a magnetio lorio for the purpoao of regfi» 
la t inj tho ®i^ emd the poaitioa of tho focal spot* Thist 
tube haa boon dosoribed in detail in their paper (5)* ^ho 
cathode used was oxlde«ooated whioh avoids the variation 
in tho v o l t a ^ Qims^ t^ tho drop aorosa a ta»^ston cathode* 
liilseon wui fairly snoeeaaful to obtain tho ojusitation 
ourves of oaloi%iai*K t^ l ine ueing oaloiua Odcide in tho 
form of powder tm anode. But aiiailar expex^tjii«it with 
ohroioiaa arid titaniaa were entirely unroeoeaeful. Aotoally 
«bi€ was found to be due to th foraation oi a oontaoioating 
layer on the foeal spot. Orgaaio aoleoulee with abuadaat 
oarboa from vaouiia eoals end pismpm are dieinti^rated ^j 
the eleotron be«^ leedln; to ^ e deposition of a layer of 
tvwi oarbon «m tho tars;et* tho depoaition of oar ban on 
cnirfaoes boabarded with eleotrons has been di^uased by 
^ o^aig (6)* Ozidea afid euljj^doa are al@o formed by oxygen 
imd m i l i a r In the rasldiml gma of tim tub«. ilne* 
eleotrena •oot3.«riit«d h;^ m voltage am Xow as UB«4 in auoh 
«xp«ria«if)ta 4o aot p«t2«tr«t« far in giolldat the Irradiation 
i s aiaittad frosi a vvy ahaXXow aorfao* layar* fho ohara* 
ctariatio radiation of tha targat aatarial i s t tt(&T&£ox%$ 
inoraa^iftgljf avq^ roaeiad as th« ooataainatiiig Xayor oeooaaa 
thiekar« Witli a powdar aaodat on tha othar hand* ^ha targot 
caatimtalijr ra^^ara froa ooataaa^natiott as grain@ of tha 
powaar ara iooaaaad by tha aXaotraa haal^ ardiaa i^tt ajti^iuin^ 
& fre@h surfaaa of tha powdar. A powdar anodot howovart samt 
ba tinaaticfaotozgr for aaasttraaanta »hara avan mmXl taaporazy 
variation of intwuiity aa^ r diatort tha raimltct* 
Inatead of uoing a pawdar ane^ Hilaaony thera* 
forOf foQusaod hia attantion on the vaouua ayotem* ii9 
considari^ a i l Vaa aaaaaaax^ oonditiona for ootainin,:^ a 
^ood rmamm «hioh are suaoari^ad h«ra» ( i ) fha avaouating 
ayatas should hava a high pmping apaad and Xow Xii&itini 
VB^ mai* ( i i ) B dkokatraamiag of eiX vai^ oor from the diff« 
uaion punp or other parta of tha apparatiia jsoat be affeoti^aXy^ 
pr@ir^ sttad* ( i i i ) Vaouua oonnaetiona shoaXd h# of Xeit^9 
hora* Jiarfaaaa XiabXa to appraoiahXa riaa in tttsipez^tura 
wad«r oparatin^ oonditiona shooXd ziot ha ancXoaad in apaoaa 
witli narrow opaiyuit^ -^ * (iT) AXX parta of tha apparatus 
anpoaad to hiijliar t«ftparature undar oparating oonditiona 
should h9 •ff«etiv«ly dttgMi®«d ^for« hmAt preforably 
at • t«ap«r«tar« a)»ov« tli« op«nitionaX t«ftp«ratixr«* 
(v) mtsX 8urf&ao3 iiaated under operational oomli* 
tions should not ooatain aotals with M ^ va^^ir pr«8s-> 
ure^» Braao should Oe avoided in parts not offeativol^ 
wetdT^oooXodf end likowioo ooitt aoXd«r auut be avoidod* 
(vi) 1^ 0 iniMr Murfaoos of th« JS^ rajr tub* ohouid not 
izioludo orgauio aeiaiag milaatasaoes Xiaolo to giv« OiX 
vapottro at oparatiiig tomp^ratixra* iULl iMi«po;aaak4« 
or^paic ooallag JSub<.taaa«o ..hould adjoia «9ll«>oooled 
aurlfikooo aao shmad \m isoiatod £vmk t^ hiob vaowim 
apaoo by ioag diffuoioa patlsuit £ubO«r saal^ mad GX/ptal 
laeotiar baloag to tbio oatogor/* Pieaia aaalo ^oold bo 
totalijr avoidad* (v i i ) 'Sim off act of eathoda avaporatioa 
or spattariag sliooXd l»a roduead to a aioiana by liavins a 
laris* diatanoa batwMa tha catboda and tha tar^eti hy 
mirtmXtm noat^aaitting parta of tlia haatar f iXaiieiit» and 
in tho ease of oxide oathodoa» by appiirliig a ^lia Xs^vr 
of oxida ao weiX a^  oaraful i'on&aticn and dagaaaiJig* 
( v i i i ) A fumaoa for the raaaaai of the target ourfaea 
witb en aYi^ ;>oratioii fiXa WBdmf vaeuua ehoiald ba aofiiatad 
iasida tlui ^•ra^ toba. (ijc) 'Sam aieotroa baaa ahouLLd be 
wail oonc«itrat*d 00 that Btrmjf baaibarda«ait of badl/ oooXed 
c\irt$na«& does not take piaoa* (x) JProvioian ahotald ba made 
to d«viat« %tm • leotron h%tm froa tb» anod* nft«r 
rmimmi. Q£ it@ aurXaoe* c$i» tliat i t la not laader boiii* 
l»fikrtlii#jat «tfMi0 otasr prsparatiazu^ ore ming mmie £QJ 
iHloamk (>} oonittjructad Vm x«ray tix^ @ in 
aompl«t« oanfazmity liltti ttie above aaatloAod prlauipids* 
!l7lil8 t ^ « liaa l>«4m. used in tli« »ozic r9p04.*t«4 k6r«p and 
la alioian in i'ig* 5«5» Th« parts l i ab le to b« bombasdod 
witt]k eleotrona liavo boon »ado o£ eop|>«r a£i4 tbo other 
limer eurjfaeoa of poroolelzi or brasa* All Tiw>uam eeiU.0 
are eitlier robber rixige or ai^rptal XeoQiier* Th& n;a»wer 
r i o ^ ^ v e be<m troated with wara potaselua ^droitide 
aoXttti<m ae wiggeeted hy Garwood (7) azid aijrptailaoqaer 
haa been dried in aa ev«i a t 120^0 af ter wtxlQh i t a vapour 
preoeitre io oon^ pasrabble ivitb that of braee ae sshoesi b^ 
Jnanenanda (Q)» 
£J2e ii^^ky tuise i& i^ ^rovided with & wlMoie £QT 
the X»mjr& to ooae out. thlB wiMow i^ ooverea ^i%h a 
tMn fo i l of alusilBiuai of tM.$iei.ee3 about Q»3 siorcta. 
The removable target i s a eylinder of eop|>er 
f i t t i n g t ight ly ia to the twator-'oooled antioathode housing 
to ehioh i t i e faateaed b^ eorewe* in order to get aore 
F I G S ' S THE \NNER P'VRT O F Tut X-R^•^ Toat 
i^ ig* >•>• A9 •xohan^eable oopp«r target! i>t window 
with ai foil} 0, «Yaporation Xurance, lit 
aoode houalug f oraed by two oOQO«ntrio 
oopper tub«s, B, tomxamtoQ aa«^dtio lensf 
h, oopper anod« with 7 am apertur* and X 
is oathodtt* 
•ff•et iv* oooXing tik» aiu>d« housifig i& m»d9 up of two 
oenowitxlo ooppor tuboOf with wAtor trairoz^iag tho 
iatorapaoo* Slio aatoilaX to bo ii&vootigatoii omk oither 
bo £l£Od ^1 thlo oopj^ or Q^XiM^P i a tbo toxu. of plato 
ov i t oaa bo ovuiporatod on to tliio oirXindor. If imro 
aatoriaX io airoiX&bXo ia tiio f osna of pinto »ii4 i t ooa 
witjtotaod tlio twiporatoro 03(;poeto4 duariog tiio eporatioiit 
i t i« psofoirroA to f ix i t oo uue^w otiiorwiao i t i» 
ovoj^ratod to mak» a tliia fHus im tliO oopi^ oar oyliMor* 
fm oraporati^i oan bo 4oa» ia too tum^ c t ( i ) i a a 
ooavoatioaol oirapoaratioa olioaitHMr oar (ii> i^ i^3» matoxlai 
Ire V017 3000ti^o to oxi&atioa or to soiiO oyoh otii@7 
ooata£siaatioa» i t io bottor porfonaod i a tliio ov«i>oratioa 
fuzaaeo aouatod ia^ i^do tho Xwaray tubo« tbm aooatia^ io 
attMhoti to tbo ooolia^ jaolcot aad borod with a lioio 
oi' aaffioioat dioaotor to mkhm Mai oiootron booa to 
paoo liBObotraotod t^ urougb tbo ooatro uSioa tho %*r8^  tabo 
io i a aor£!ial oporatioa* fiio fuiraoao io aad@ of aeljr^oixiaa* 
foagstoa would bav& booa bottor witli rogard to i to loti^ or 
irapmat* prooouv* but i t ie ro^ootod <3uo to i to boirdaooo 
sad brittl«iooo* 3^o vapour a^ rooduro of a^Lybdotma i» 
auffioioally low at li^aporaturoo ao Mg^ aa 3300^6 eo ao 
aot to offMt Urn ovaporatioa of tbo targot aatorlal* 
f^io hma 000a ohown b^  iiiiw (9)* If« howovort a aetol foxmo 
aa «U«y with »0l^M«mai (•g* id.olc«l jr^ailil^ 4&498 so) 
titc vvpoaar pr«80ita?e i s thtta l9»iHemi oonaiiidi^ ibi^ * In 
auafei 9«»*a tli« 4iffio^ty oan !»• overooms b^  iasertlsig 
A tun^ttn 07iaiiibl« ia th« aoljrM«i8ui £Uniad«« £li« 
f\URi«a« i3 Ii9»t«4 biy a@a£i& of th« •3i9#troii a««m wMoii 
i s d«fX«ot«d fifom ita aoxmai osntrai ooiura« for tliis 
purpose* fti* tM9k nalis of tl2« faraaoe 9&&wt9 m vaXfojm 
t«i^ {»3rfttar« dl@tribfatis>fi oM a ivpsoduoibXo oTAporatioa 
]mto» 
Both oacido oo«%o4 mid ^xmg&tmk oathodoa oa^ 
h9 jCitt«4 ia tliio X»r«i^  ta^« la tiM worit pro@oi^ t«4 
h9W9 m. diroetlj lioated oa^oA* oonsiatiag of timgdtwi 
tiljtaeat 0*99 ^^ in disuMtor Ims btoa oeod* fiio fii»» 
seat was atraiglit witb A firoo 1« .gtb of 22 laai* It ia 
kept tight \s^ m»mm of a sptla^ and i s aeroaoed fsroa tha 
iiitav*«ml«o^ro4a alootric f iaid oa that aaiy a a&all 
oeatral part aaitc tha daaixad oleatvona* It ie po@@il>Xa 
to aatiaata tiui aiaa of the foeai apot* fh» Iwigth of 
tha fooai spot waa found to ba about $ aa aiid tha 
aa^^fioatioa ^^ rodooad \x^ aa^^oatio iOiia tiaia^ rou^iiy Z$ 
i t givas tha i^itiBg iangt^ ^ of tho fi3.aiu«iit to ba 5 an 
app a^aiimatalj^ * Ihaa a ii»atixi& oi»vaiit of iO oipasv aaa 
paa ad tha pot^asitiol dxap aaroaa tha ^aitiag part of tba 
tXXmmnt ma around 0*3 volt* Sooli m aaaSJ. valtaga «1X1. 
iMTd]^ F^ro^o* WIST aotloaabXa aaoothins affaot in tha 
iaaohz^uit atsms'tora* ^bmntiev^t^v t ^ s poiposa tiaa 
antlfv aatboda oaa ba oenaidaraa a«aipatanttal« 
Sba £i}Aiiajait liaatiJEia oireuit la shorn. i& 1^^ « 
5«4« f ^ Xoad aoouaulator a «2i>|4ia« tha iiaatiiiii aurrant 
af 10 a@2^ a3fa« M tha aai;i»«dUsai^ t oautiimaa foxf ^s&^^itsX 
liaurat ^^ ^^ iiauall/ tha aaaa* tha aoQuaalfttor valtiiga 
i0 Ibiia4 ta dvof @li^tLjr« Sbia 4x>dp la oa&paaa&tad b/ 
in&artiiig mwMk^r tiattaxar B^  '^'^  '^'^ iataxaaX rasiatts^dat 
ati'^ arwitia tiia «iiaal«a oi&mpwait wUJL 4aora«ia« fMa \>m» 
ttax^ la kapt i a paarallal witlk tiw :^3.cyi»at aiid tiia vbaoatat 
djm Aaothsr ^Ixaci rasi^itaiaaa B^  is @a oho&«:i t ^ t a vary 
sidalX ourraat i i t a^n £:rom B *^ flia fo^tantial of yiia 
battarsr ia ^ua leapt aoaetant atdoli i a tium k99p» ttia 
heating ourraat fixa4* fha arran^ t^maat is foita aotiYa* 
nlant and aati@faotary a@ ilia variation in tba aiaatraa 
aaisaiaii la li£yrCLy erw tovmsk to axaaaA 0*1 |l» I t iNuit 
iio a^vaaPf alira^a poaaibla to ra .^^ ulata t^a aurraat laisr iska«44 
l a or^ar to Icaap tlia ^i&laaioa ourrant oozistadLt* 
A cal l %a %»9d «^ioli aet. i^ a oonnrargeat alaotroa 
optiaal Xarta* I t foousaa tlia iaagaof tlia asltij;^ saotioa 
X-RM^ TUBE 
FIG. 5-4- STAblL-iSlNG CIRCUIT FOR 
FILAMENT HEATING CURRENT 
Fig* 3«4« Acouaulator B-. aupplios heating 
ourr«iit and battary Bg of low 
intsmal resistance compensates 
for ao/ voltage drop of Ik* 
of tht eathodt on tho tar^ot wima tlio ourront tlirougli 
It is proporly adjusted* A faorlaontal XliMar laage 
would bo oatalaod with tho proaont typo of tungston 
oatliodo* Magnetio lozioos liaTO a fooal<»lojQ^tb prtpor* 
tional to Y/I whoro V la tho ^ m TOltago and I ia tho 
ourront in tho ooil* fhio loado to a oortain aaouxit 
of blmrrin^ aa tho ourront Tarieoa Qa tho ethor hand 
whon oxuloeion ourront and tho voitago aro leapt eonatant» 
tho X«ray Intoaalty varloa with tho ourront I and has a 
aaaciffiUA valuo for a partloular valuo of 1. Shia valuo 
of MM ooil ounront Is takon aa tho operating ourront* 
It ia thia aagnotie lona iMeh aado a Xargo dlatanoo of 
29 oa pooaitoXo hotwooa tho oathodo and the targot» and 
thia large diotanoo provonts tho dopoaition of taogotwa 
oa tho Xattor* 
fho purpaao of tho dofXootiag ooila ia to dofXoat 
tho oXootron hoHi <i) for dogaaalng tho targat houaing, 
(ii) BO as to bo dirootod against tho OTaporation fumaoo 
in ordor to hoat it wbon nocoaoaryt (iii) to protoot tho 
oXoan targot froa oXootron hoabardaont, if it ia ao aeododt 
and (IT) to broadon tho f ooi&o in ordor to OTon out tho toap* 
oratoro of tho radiating surface of tho target. 
Tepaa orgrataXt surfaoo XOX haa boon uaod aa a 
aonooiiroaator* It was \mnt in & &%tml holder with 
pT9Q9mi,on ground e^Xisdrioiil. i^ urtftoo of XOOO sm radivut 
following Brogr«ii*8 ou^oatioA (10)* !&9 dliaetiaions 
of tue oxyistiil wmrm 1$ a® x 25 ssiQ x 0*5 aiia ^^ id tlio opmliig 
of tho orari»tiil lioldor wa» kopt at 6 «& x 14 is^ vAiioli gaTO 
q^»X%m bi^ IntinslV «ithoat aisjr xiotio«al»l« 4i^£iiaitioa 
of tho aimetr^ reaolutioa* fiio dlsporaloa mm Q^fQ mm, / 
x«tt« or 0*29 sKB / e? in the aetuaX «av»«*l«&istii rogioa* 
Tm aoattor#4 radiatioA oould o^ ueg9&md uy a kiiif#»ed^e 
^top placed la front of the or^&t&X* 
SlM tahlo iiopportia^ the oxgr t^al holder ooudd 
toe aoved loagitiftiinall^ aloa^ the ateel rode (the traolK^ 
"t") aa4 looked la way deairea poeitloii* She er]fetal talile 
«aa provided with a oiroultup soale to note tiiO eagle of 
rotutioa* fhe poijltioa of Ihe elisaiaiiui eiadow and tibM 
target were fixed laaide the sjpeotrottetert ehile ^le level 
of the orjretal holder wm adjuati^le* 
A alitf a Seiger-Mller tohe mA a oounter 
weight forced a ^iiigle uoit termed the "deteetiag ^eteai*« 
Q^iia iioit oottld be rotated ahout a vertioal ajci^  paeeiog 
throii^ the ia.it or could Oe £^ved la a ohoeea clireotioa* 
thi@ was aade possi^e bjr ammm of a ooae aiid a laiorometer 
•I,i4«* fh« «XiA« waa mrvmm*^ to giv* a aotioa along 
tho taagant to t^o HewlaM*® oiroXo tor titotoxsainlng tiit 
position «B4 itttanoity distriliutioii of an JU^ ra^ ' iino* 
A. bali lioaaring avvaii^oaaat ikas roadoi^ the aotioa 
otfootivil.jr friotioaXoas aM tl30 rofro^iieibiXitijr of tlio 
mioi^^otor 3ef«w»ga»gOt aliioii «aa usod for ad^o^ting tlia 
{»oaiUoa of xm Ai40i waa Quito i»atidfv»otov3r* 'fMa 
iiorov^auge »aa aaoipuiatoi a^tozmall^ tkixou^ a retataia.0 
vommm eMiiie9tliiii« flm aealo of ^m aicxoaotov smrov was 
road tiuroo^ a window in tbo Xid oi fibo upootroaotor witli 
a toioaoopoi 3^io i^irpoao of idio oooator woi^t viraa ^oat 
to 'o&la4K:e the noigli^ oi «.l9 doigoTwf^ iijLXor tttbo S.0 that tho 
iattor roaaiaa hoUsoatal aod in Xiao with tho ^litf 
aXthou^ hoth woro 3iipi.ortod on tho aaao ooaa* 
Th9 ai it i ^ o h wm fixod ia froat of tho QmU* 
tttbo ooi^^istod of two «itooi odgo^* Qao e&go »aa flxo4 aa4 
tia othor waa a^^u t^ahXo* f i th tho hoip of a iover arraa^o* 
mtm.t tho ^ i t eouJi4 b9 txuma4 to a po^itioa oaeaotJL^  parailoi 
to tho X^Ts^ Xiao to ho iavoati^atod* Shio vm& toatoa with 
a fhoto^aphio pXato* 
A oooiaoroiaX Qroigor-^^l^r &^bo XX8 oaao by 
iitXXard h%&*9 was uaod aa dotootor for voo^ijo^ tho 
intaa:>i«gr* £hie ia aa argoa fiXXod* haXo^a «u«aohod ooiirntor 
with a ffiioa wizulow of 12 alorOBS tliloleiMse* Slii» tiU>« had a 
a tiEiraaJBOia voitaga of 990 BJi\d a plataa» las^^^ af alK»ut 
SOO ¥iilts* ^ # pXataaa sXepa aa sM»aa&rod Qao,mkomXl^ 
WIAS ^ 7 3^ * 1 ^ oparating vaXtaga waa 1090» uM the daad Uma 
of tha oaoatar was about 260 mierosaooud* Tkm pul^aa wara 
raecrdad lijr an MCO ooaXart typa H590 r« wfaioli ia an autoaatici 
Qua* 
The system to h% airaottatad waa divi4a<i Uito two 
Start«3* Cjoa «a^ tha saj^aotrooetar tazilt acul tha othar was 
tha i.«vay taba« Sha tae parts wara aaparatad h;^ tha 
alti^Liiiiua wlMow I'or i>»3ra;^ a* £toa vacnxaa waa oij^ tal^ a^d 
with a ti^aa a t a ^ tiifftwioa Ftta|>i pxraoaaa4 b^  a mooh»» 
oioal poop auM a booatar dlffaalcm poap* !%« a&ohaoiaal 
poap wim f ittad with a xaa^ ;^i»tlo vaXva mi^ was i'lllad with 
oetoil*3, wtiiXa th^ boo^tar pMs.^ had ailioon o i l (90 709) 
in it* Firat tlia vaouua was prodiacad ^ tha Aaeha^iioal 
puap daim to XO*^  torr (as of % ) • fhaa tha heoatar was 
awitohad OB v^oh radixiaad tha vaouxtt to 2xX0*' torr* 
Aftar thia tha two diffuaion puiapa fiaaXlj avaouatad tha 
a^&tmi to ai?out XO^ * torr* • diagn^ of tha avao^aation 
£i/atasi i s ahowa in i«^ ig* 3*$« 
Parstt and aosa«B (XX) haira traataa tha probXasii 
PUMP _ SY5TEM 
.•j^.= PiRAW VACUUM MfctER ( l - - iO 'mm H a ) 
^i^* 3«£^ « A dta^Tmi of evacuatloji ays'toa 
snowing the posltlona of Tal¥«« 
and measuring units. ^uiO^ and 
sfhF are two diffusion puaps* 
G7 
o. GAokstreiualnii of o i l Ytk|>oura froa dltftialon |RMp«* 
37h« liquid i^tro^en trapa tta«d a«re in the ajr^ tem bav« 
)»e«n fouod to b« Quit« 9fi'«otiv« in pr«y«iiting tiiia pii«ao« 
meoott* Qi oouri»«f those trt^s lo««rod tiio i^ii^ ping rato 
to &o^ o oxtent but this woo j^t vory inaouvwaiojat aa 
tiiG aaijn f Qotor detozsiiiiitii; the tism 9i ovocuatioi^ mm 
tho elow dogasalr^ o£ tbo apootroadtor. 
A diagraa of %bo diffUiiioa fiioi^  in t ^ tinaX 
ata^o i^ givoa ia i^g« !)«6« firat t ^ «ator«»oool«d ooppor 
baffloo B provoatod Uio doi^aitioa of «ho o i i vapour:^  on 
tho oorfaoo aliovo thea and thoa tho 3>ifuid nitrogon trap 
P fiualijr obstmotod tho baaJcstroaoiag o i l Tapoor. ttm iewor 
and of tho .tra^ tma smyoumied by charcoal.i>egaaaed oharooal 
ia a poworfui ,£pa abaorbwit apooiaily ot a toaporaturo ao Xov 
as t ia t of liquid iiitrog«i* 
Two vaou2i»»3iotor tuhoa t mm for tho Firaoi 
gaugot typo S£ii» ?<;44« rao^ so 1^ »10 tovr for foro vamiuii 
naa tho othor for ioiiieatioa gaugo* trpo Standard 4101, 
air&utljr attached to tho l^riqr tobo «or«i providod for aoa* 
dfuriiLi£ tho vaouumi* 
5.10 » IgSH VW#^i a l l ; 
tho oiro^lit diagx f^fi of tho h i ^ voltago aot io 
h^owa ia Fig* !I«T* fiiie oirouit io somonhot aiailar to 
f , t 5 « KFFUSION PUMP IN ' « * » " » • *•">"'• 
Fig. i^ .6. A,out«r 4ack«t of th« Xiquid iiitrogen 
cooled oti&rooal trap. B, sparking j>l\x& 
oonaeotion to tho h«ating ooiX of the 
oharooal trap* c» the cbarooal trap* D, 
oonneotion to ionisatlon gauis:«* P» niokol 
silver liqoid nitrogen trap. i\ water 
oooled baffles for the condensation of oil 
vapour* <it three sta^e oil diffusion pump* 
1 & Ut oonneotions to iLoray tu.be and speo* 
troaeter reepeotively. 
the out •aip},07«4 b^  Mi^ Mr muL Piekcxliii^ (IS). Zb* h i ^ 
«fiioa« prtaaxar voltage mm ^ti^ili»«4 ^ iMaas of an ««e« 
v«It£)^« stebUi&VJr, JPtiUips an 444 iai4 waa r«^ ia.ft%«(l wltti 
«a axi^ tniii»^03m«r aod «ii«o»t«ti}* ^i« output of th« tUL^ 
voitag* tr«t&8f0£»«p for 220 rttXto toffa,^ mm Id k?* Tim 
r«otlflo4 veXtago ivao Vmo. flltorod i& m •aootbln^ oireult 
dOiiexlN»ti bar ^ i^klia (2)* Sito ooadoaoor 0^ (0«X aloiofwsd) 
pmamA tiw pskk99& frea tba r«ot&fi«4 hX&i voltago to VIM 
triodo TM (i->BIM|) nialoii invartod aad ai^Ufiod tliaa« 
TkMm pialaaa tiaaa vaaoJaiod tlio ^ i d of tiM pa&toda f. with 
a pliaaa and a^plitada tmak thut tht orl^naX voXtago pulaos 
ara oimpaiiaata i^ ^ tba eliaiiga la tte aiioda voXtago of tha 
pantoda* 
Sba filiotooaXX P eoapau^^ataa tlia Xoaieaga la tbe 
<KW««u.«- 0 , « « 80*. « . OMmt.r i M k . . . . a . oroaWr 
Xaalca^ a waa aatoaatXeaXXar ooatvoXXad t^ a gaXvanoiMtar i a 
tiM potantiaaatai' elxauit* fha j^tooaXi waa iXXiaoiaatad 
totar tiia Xight rafXaotad faroai tha gaXYanastatar aXwor. ^la 
gaXvaaoaatar nwa adjoatad BO tliat Vm Xigl&t bflyod eovarad 
tlM Oordar of too j^tooaXX ia tha aax*o positioa aa augg* 
aotad bjr vaa friaaaa (X9)* S^ a ioput voXtaga oliaaga dVj^  
aad taa ooiraapondiog Tailatioa ia Hbm aatimt vaXtaga dV^  
fos* tikia elroait ara raXatad aa 
.L__g--
i^g* >•?• Olrouit diagra/a of high voIta^« set. 
i'he seotion to the left is the &reinaoh«r 
rectifying oiroixit, in the middle la the 
eaootblng oirouit« and to the right the 
preoieion potentiometer, the reotifier for 
the additional voltatse» the filsukient heat* 
ing ciroult and the X-raj tube. 
dY^ • """*••' • OcdX •••••••••••*••{5«*) 
* 400 
<Mi proY0d hf Ohlin (2)) ii^ «re dl i« tbe ahange in th« 
output current azid C la a oonata»t with diaim^iion* of 
r«3iataiio« and is •Qoal te 6 for tliis partieular c«u»«* 
flmat ft eh«iig» of 1000 voXts in tb» in^^X eaaia«8 a oiiaag* 
of 0*25 YOlt in tiM out^iit* fh« ripplo in the ..moothod 
oatpmt vtM a#«0ar«d with a oathodt r«y osolUo^n^h 
Xt was found to bo a slightly diatortod aino wavo* £ho 
poaK to poaic volta^^o at 6 ic¥ and 0*02 ai^oro was 0.08 voltt 
alj^at tho amm aa ^ o dao oaleulatod froa the formlm* 
^aoM full hiish volta^o oonaiated of two parta 
the aaia voltage whioh was kept uriohanged durinf the 
aeaeuroaumta end the Tariahle additional voltage which 
wae obtained frott a reotiffing oirouit floating at the 
baiiio high voltage* 33ie pvimmaey voltage for thia oirouit 
was alao taken f M a the ahove aientioned oirouit* The 
additionai eut|Wt TOltage was rod^ulated with the help of 
a potentioaeter ooupling w i ^ oearse and fine ad^u^tsoentd* 
After diseusaiag the various parta of the 
ap90tmm§%9»$ we «re now in a position to emiiMrate in 
hrief the various faotora whioh oontribute to the intenailisr 
and the way they should be adjusted to get aaxiaaBi of the 
deairaOle radiation* (i) fhe ourrent density in fooues 
ThlB waa regiil«'l«4 hy the o«tbdd« mdLBBlon, A euz^reat 
i$*20 «A was g«ii«rally us«4» 20 AA of ourrwat warn nocr 
^ « «r«lIaU.« mmtimm b«oi»ia« of tht aliort •i&lUag dootien 
of tho fUaaont* With a widor diaphrajpi la fvont of tho 
fiiamoatftlio availalilo offiiasion eottl4 liavo ^on iooroaijod 
init thia would dooroaao tbi boaegoaoitjr of the eiootroa 
ooaa* $ho lowex' ouraront of X$ ok wtm uaod for ©ubstoxiooa 
whioli oould not urithataod a iiottvy ourrant* ( l i ) Thm 
form of tho foeal apoti 3^o fooiw of '^a X«>rajr tui>« ahould 
havo Bw&h a fojra and poiiitloa tbat tlia ontira orar® *^^  
epanixig i s f l l lod with radiatioiu tbm J&»r«y» ahoold atrika 
tha oryotal in aueii diraotioaa for whioh tha ^^p^S T9tl9» 
otion shouJLd IMI foaaibla* Th9 baaiia aftar raflaotloa 
ahooXd intaroaot e& tha Bowl^ uod'a cirola. Th9 positioa 
and dinanalons of tha oxyatal opaniogt tha |>OijltiO!i of 
tha targat and tha window in the Xmra^ tulMi havo Uaan 
ohoaan lcaapii% tha aboua ooiisiderationa in viaw* ( i i i ) 
Th9 diatanoa batwaan tha targat and tha oxyatalt Aooordlng 
to Johann (I) th@ intoxi^ity^ of tha radiation will inoraaaa 
i f tho targat ba Drought towards tha oryatal* At tha aaaa 
tima a Xargar fooal spot oan ha uaadt whioh ia an advanta^* 
Bat Brogran haa objaotad to Joharm'a idaa on thaoratioai 
grounds and haa aiao ootainad soma axpariaantai aopj^ ort* 
His thinking ia baaad on the diffraetion thaozy of Darwin, 
iiwald & ^ rixm (14)* (!•> ^ M ^ e « of -ai« r«fX«dtixig 
aiurtao* i ^ « i»e£i( oxgr t^iil. oould b« tt»«<i vritlidat l ia i* 
tin^ tlM op«iiiii£ to proTont eowivroiico of "gbo^ tii*** Mt 
aooordii&o: to ^aodatroa (X$)« ta« intoaaity g«lzi duo to 
inoroauMd roflooting iiurfaoo in obtalnod «t tlie ooat of 
opootrol roaoXtttioOf iMob i s not olvoyo doairabXo* (v) 
£ ^ rofXootlon Intoiuiitjr of tbo oxarotoX pXa&ot XngoXstoa 
(16) lias diftousiiod tfao rofXootloA of :if»ru9a from dij^foroat 
pXimos of ox^ rotiiX* thfi topaa oxyataX wiiieJi wi» Ujtodt 
^7«a td.^ iaton^t^r A^ tho f i r s t ordor refX«>ot4on. <vl) 
fha 0Xit Kldth and tlio dotootort tboso factors i:i&ve 
aXreadjr bean disouasod aXoag with tholr ooztstmativ^xii and 
5*xa i^ |» |4f ^ ^ 1 1 ^ t 
Vary oft€i I t i s aald that a tikla ^urfaoo of tiio 
targot aatoriaX may ohazigo i t s iliyaioaX aa waXX as oJai^ waioaX 
proportias ovan in liigii vaeouA «iiaa tJ&a X r^ay tai&a i s 
oporatod or <«ii^ zi tho a&toriaX 1^ OTaperatod in a rmamm 
iUraaoo* fbe difforonco ia I*^ ^^  a^^rptioa upootr* (Xt) 
of airooaiua (2r) aiid siroeaii» oxido (SrO^) oXoarJy 
iadicatos that tbo oxidation i^houXd be oarafaXXy avoided i f 
ono waato to mtmky tho atruotoro ia aotaXa* ^m oxidation 
in tho ooataiainatioa wliieh most aaaiXjr oroops in during 
tho wrw^Qfutimk of a aotaX or lusdar aioiXar oonditioas* 
i i t ^ isM.m aim in vi««i mmn oi: ui« m»t&ls »«x'c< t<i«<t«a 
for th« •iMilyai® of •xti'^flKijr tlilii f Slat of »ttai«» 
^aeotroa aiero#oofo 3pooia«»8 wovo piropwroi oimultanoou^ljr 
with tli0 torgot^* £ke 0«ipl«9 OTa^rAttftl oato thu ooppor 
aesb«a with X<iixmffa.v£ilam am hmetLia^ woi>« igia»dXoii wador 
tiae aaoo oojtuiitioiis. ^iioiir olootsoa dii'^rttotieii p»tt«nio 
iwr# tlMH %9kmt. with tho iiolp of ma. oloataroi»*iiiaraiioop«« 
iiioropbotosotor eurvos «or« oataiiiod for ta»&% diffrootion 
patt«xtui« littttioo oazMtftiitt <»^oi»2At«4 for tlo^ 4ifiorc&t 
rofXoxoo X'voa tlio;;;* p)kot<»ist«tor ourvoii woro Uumi ooMpitrod 
with ttioao liatod for the eX«&«ata in tbo A.S«f*M« )^ i>«jr 
powder d*t& f i i t (IS)* lA oiMHi the dhta for oertiilii 
oXement vam not ttTeilelalo the pXaues wore deten^inea hy 
oalcuX&tio&« fhim i t oouXd ^ u^ide iiiiro vitetimr the 
otruotore iuveatigatdd NiXoiig#d to tt« eX«&i«i:it or to ltd 
oxidOyaa oxidation i s the onXy oospoa poaslbiXitF ^Meh 
ooeure dniring -yie eiraporatioa of tho target* 
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,<ffi^ m II 
4»I* latgttdittfltlon I 
Sli« fin* atsnotur* n»9at %b» short w«ir«* 
lAiigth Halt of tbo ooatiaaaott* X^rf apootxua b«o l>o«a 
stttiliod ^ "^M iao^UBmftt aotliod* Ourvod ox^stal 
irfteia» spoetiWMtor witti «at«r»ooolod targots WAS UOOA* 
arKo(, for uliioli X • I^ B^ x.u« wa« takoa as ^nt wSf 
•no* wttVO^ Xfyogtii* A &ol|;wr«kMaXIor ta^ "mXlme^ m 
US" and an M@0 soalor t^ rpt *if$90F* £»ziaod tho 6«t#» 
etoir and Qmmtmp ro&p«otlir«l^ « Slw dotalla of a^^p* 
aimt hcvo aliroadj baoa 4«i»orli>«d ia tli« pzwviouo 
flduaptor* 
;%• intoaoitjr diotrl^tion of 240zk<^ ,dL^  
•gaiast olcroaetor voacUnga la i^ iowia in Pi$* 4»X« 
^la vaoolTliii; p^mmr of tba spaotronatar «aa astinatad 
trw& tfeia « id^ of tin rmtmi^^&Qm lim OvKbr, , ft^ o faU 
width at baXf of ttia aaylaMw iataaaitjr of tiiia lixm waa 
8«9 vaXta* Ita aataraX width ia dataxvinad to l>a X«9 
volta (3.)» Aooordisg to tha a^aara ralatioa ^la «i>aetval 
haad aatariag ^ a eouatar had a width of abaat I*S voita* 
fha raprodyelhiUtir iMT tha ieoi^soMita was always found 
to Ha hattar Vma eaa aiactroii^vaXt* 
Fig. 4*1 The i n t e n s i t y d i s t r i b u t i o n of the 
Cr-K;«<i»<j^  l i nea aga ins t nxioroaetar^^ 
reauiings. 
fxwisltio» •X^a«iit« ^oaadlutt (So)» fitanlta 
( n ) « YaoAdiom (V)f Ohromi\m (Or) aaA Xttriia it)t 
ZlTOoaliici (Sf)* Hlobliai (im)« i!o2jrM«itua (Mo) miro 
inr«dtigat«l* All th« •lesients •xcopt TitazitisB WT% 
sii^fli«d by Jfoliasoiit Mattbiy A Co Iitd*> iiondoii and 
^'«si*ll«^i'it X&o«t Saxoolmr^t -^  •^ •t 0*S*iL« ai:i4 ««x«of 
oj^«otro80opia&Iljr 0tan4ardi£*d oioali'l;-* fitftoiua wa« 
of a "profloutljrei'* cjuallty* 39io Mo*ii}0<dur«Q&t ^mi 
rooordod uoixig as a.a»do Qmmt9tind of a a&all plato 
0*20 aa tblcdi ililoli w&« aeoliaaieally JtiMtoned onto 
« i^lid oopp^r eyliados'* All tbm othor targets voro 
j^^p«rod in ft oonv^itlonal OTaporation obanbor. Slio 
rmmem Inaido tlio oYBporation o^ aKNMr at ^ o oiraporatioa 
tiiao was about liT* toxT. fho aatorial of irarious boats 
niilch woro ttaod to evaporsto tho dlfforent ^ubatanuoa 
and aoaa otliar dotaila of tbo olaaonta aro glvwa in 
tabla 4*1« Bora i t lai^ b« notod that&bo mm and tlit 
Bmm boat atm not. bo uaod to o7ayp«x«to a l l ^ « olaaonta* 
Tim boat abottld bo ando of a aatorial mlioao aolting point 
la M^hor tJ^ jaii that of tim a^ vtax to bo ovapo£»t9df atid 
tho t«io motala ahould nat make an alloy. 
Bofore tbo OTapoaratod tar^ots ooold bo inoorted 
in the apootroAotort thoy woro unavoidably oxpoood to air 
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for & wtavt «^ 12.«« ^il« 93E^mam lal^t o«tta« aa agd.«> 
d«tioa of warn of tli* •ItsM&ts* TiMjrt i s &L00 a posft* 
ItoiXil^ that 8<mt of tl^ alwaaata ma^ b« 03KLAl»a4 avaa 
vbilo avaforatiiig at a prmmmaf as Xov ao 19**^  taw* 
fha apootrtsa in t ^ oaaa of an oxida would ba folta 
diffarant tv^t Hmt of tha alastant* Joluwaoa (2) raporta 
a olilirt of tho aiiart «airo*iaiigtl9k Halt of o^xwaiiia oxlda 
(ar^O.) as aa^povad to that of o^ upooliati mataX* SiaiXarljr 
BargaaU ( » liao faiaiid a aHift of tha abort aava l^wskgth 
Unit hy 1*7 it ^•S ^^Xto for h&m&oaal ^alanluAf X»$ ^ ^'^ 
irolta for miOir$^!un» aaXaniinit «od 1*9 J; 0«2 vaXts for 
aalaaiua toAdm (siaO )^* S^ iaaa «atbora baif9% hoaavart not 
fouad aogr aatiaai^io <Sia0ga la tha iaooMroaat stiuotaiii* 
fliia rtdft af tlia iibart ««3la»Xaiigt2& 3Liait la fulta imdav* 
otaadablo on tiko IM»la of MJboar'o tiiaofy ahloli pradlots 
It for a oaol^oanduator as oaaparad to a aatal* Mtualij 
fha targot aatarlala wv^ tharaforat tooted In 
avdar to Tarlf;jr ttiat xio oiiaKleal oiaaiiia ooaurrod In tha 
sabatanoaa i^ah aay aaooa an Intaraadlata laoohroeat 
atruotura* £lootroa dlffraotlon taotaaifoa was uaad to 
taot t&a jwelt^ af tba sui»atcaiic;ae* ^laotroa sioroooopa 
apaolaono praparad slottlatnaoi&alj witli tlia targat waza, 
^larafovat aauralnad for paaalbla oxlda oonta^lnatloa* Sba 
aa^plao avaparatad onto ooppar i^ateo wl^ foisvar fllao 
as b^ldiigt w»« baaCltd wa&^t tlw mm ooaditi^ns as 
tha tavsats* A naaU aaount o:r f&xmrox tnw diaaeXirad 
In oiaoTOf arm ami ttiazi a oXaaaad 4:riad gXaaa plata vaa 
aippmd in tha aalution* Aftar a fav aaooafta -^ la {data was 
talcaa omtf driad a :UttXa and %tmn amitataa eiaad fUioa 
waara cratt 4m tba j^ata* UMa plata aaa tlMit earafiilXjr 
dlppad in a turaiii^  aantainlng «atar« fli»a» tha fllaa 
aava dataoiiad £r&a Hia plJita and bai^ aa to float ma. tbm 
surfaoa OS aatai* fir<wi aliava thay a«ra talwa oa '^ la eap^r 
Qe@liaa4 @MI '^ ia^nMni of 'titiaaa Si3^m aaa aavar aara than 
a faw mi9XOtm» 
Wmm i^ alao^oft diffraetii^a patt«rzia "^ la Xattioa 
oonotauta aara dataxaiiiad far ^ a dlffaraat raflexsa wliioh 
«a3Pa Xatar aa^^arad aitb tliosa liatad for tba alamonta la 
tlia A*s*T*M« 2j»]ray paadar data fSla <4)* la tha aasa of 
iaaadinB and Vaaadiusi no data vara arailabia* ftm Plsmas 
haefm^ ttiarafora« tmmx oaXottlatad aoamdn^ s tlutt ^aadlt» 
bm a hmc^gaaal oloaad paokad lattloa aad Timadliiii a l>ady 
eatitarad auibia 24&ttlca« Tb&^^ Xt^atftvm it) ia rapaz'tad ($) 
ta h9 ^ t a ata&la to aaz»al. m^0Q}^mp9$ traoaa of 03d.da 
Xiaaa ooald tm aataatad ia i te dlffVaetioa pattarat waiue%» 
aa tlia dLffTaetl^i pattavaa &£ aXk tbM o t^r aXaaaxtta vmrm 
fowid to tea ttoaa Xlsit*^ aa imvimX fox* the aXaaaiit ia 
^paatioa«i 
In Fig. 4*2 some of th9 diffraotion pattnims 
together with j;^t<Muit«r anioordlngs hami tHiexi pres«nt«4 
for -yi08« rofXeadons vdiieh oould be idoxitified« ilor«ovor> 
the poeitloaa of the three atron^et lines of the oacidea 
nAiich are givim in the A,S«T.M. date file have he«i mailed 
ei^Umr by dashed or dotted Xiaes In the photoaetrio s^oor* 
diMi;a fv direct 0O2apariaon» It was the result of thie 
ide^itlficatioa iHmt the ^mhsteaoe i^eh was Yttritia in 
the heglonin^ vae found to he Ittriisai e^de in the toxa 
of eraporated target as is evident froa its photosieter 
reoording* 
In order to get uaefoX informationji from this 
type of wozk one requires as lauch intenaity of the desired 
radiation as possible* HiXsson and Ohiin (6) have shown 
that the hi^sher the ourrent throng -^e £ » r ^ tube the 
higher would he the intensity} aiid for greater ourrent 
or the greater spaee ohargOf a etroncor siasnetie field is 
needed for foouasinc; the rays* 33ie fooai spot on the 
target has also to he adjusted to the ri^t size hy me»» 
suring the intensity* She apeotrometer was plaoed so that 
the radiation of the desired «aTe»leng^ entered the Oeiger-
MiOIer eounter* fhe voltage and the ourrent to the x^ray 
tube were Jcept oonstant and the intensity was aeastured as 
a funstion of the ourr^t through the oagnetio IWEIS* Th9 
og o 2oo 
.'iJ&-|5^ 
o — 
o o 
— 5=—CMfQ <N4r- <N 
?ig . 4. . 2 . ivlectron d i t i r a o t l o u p u t t e r a » & ptioto; e t e r l 
r i i co rd i r^e of uo ac wi . ^h« i a d i o e a f o r the 1 
re f ieo t i i%- plaaea < . ve been sho.sn» The iDru<-> 1 
ken l i n o a iuu lca tQ tUicr i jo s i t loua of th« 1 
co-^on oxlclea, /-„.,,+-: 
0 u 
^ 
s? si 
O 
o 
8 
»»% 
a, 
5M 
r*3Ult 18 abown in Fig« 4«5* A prozi&imo«<i waKigam in 
the Intttisity was obtained for « fooossin^ ourrwit of 
of 0.699 ifl^* for an «&issi^ ouzrent of 12«9 aAf and 
oluromiua «ae iiaod aa target in the x^ray ttil>e. 
Tlie <yei^ ar«iliiiiJLer ooii£xter« tlte soaXar and ^ e 
hiJ^ tension apfaratoa were awitohed on uaually al)Out 
threefhours ^^fore th.% eoameii.o«aent of the aol^uil obaerr* 
fttiona. In order to gain Bta^ilitif of i»iasurfi»eiit* 
^ne inYeetigationa of the short wave^ Xer^ gth l i a i t 
are desorihahXe in terms of the laeaanrMBMinta of iaoohrcmata* 
In mao^ r of the oaaea the problwa la to find out exaotly the 
p o a i t i ^ of the thret^ioXd ireXtage heXonging to the ware* 
Xexigth Betting of the aonochrooator* fhe u^ n^aX prooeediire 
haa heeh -to idttntifjr thia peaitien with ti«at of the point 
ox' riiRirlnroMi henaing of the observed isoohroaat (7»8)* She 
work f^unotion oorrootion ia talcen into aooeunt aeparateXy. 
Ttxe impXioit siodeX in SoooaerfeXd'a -^ eor^r of hreasatrah* 
Xismg ia tiiat of an enooimter of an eXeotron with a atripped, 
iaoXaied imaXm^ in the ao*oaXXed free tT09 tranaltion, 
She res\iXtin6' form of the IdeaX isoohromat for aonoohroaatie 
eleotrons and a thin anode i s shown in Jig* 4«4A» where the 
iaoohromat ia oonaldered to be meaaured w i ^ infiniteXy 
good resoXntion* fhe ji^sieaX situation deaoribed ligr 
^ount i / iooSec. 
• < • 'fei fc^ -felj -68 
g. 4»3» -w-ray intensi ty as a function of 
oiirrent tJbrou^ tue laa^etio Iwam 
when the f ilautent current and the 
a^cGleratii-t, yolta^e are eoafttant« 
3msmmS9lA*& Wmtxy tu sot q^i^ tto^^oxmte b^ oai^ ys^  m^ 
r«al. mm^9 ia m&S» 9t mataUM &9lkM%i« Oiui hm to tidM l a ^ 
ae««mat Urn mpmiaX pveiHMftiM of tlMi aoXld sttt%«« fb* 
iMi^ lMnalidoA of tho dtort «wro»Xoii«tli limit oust )»• 
Xooatod in ^10 Boaooeiipioi part ot tkM oonftoo^on ^md* 
Q^io difttrilRttioa of tiMso £ro« positioiM dotoraiaos tbo 
eikorgy di8tril»«fctioa of the oontinaom X^rty spootxna at 
t ^ @iiort i»£V«*I«iistii l i a l t «iidt iimmt&vt Also "yio 
aluipo of tli« iaoohreiMit* iovt i f i t io Mi^ maod tl&at 
tito 'teraaoitica frolialiilitioo to tlie fijml «tat«o of tho 
•l«otroiio are Ofoal. for a l l froo poaitiono la tlko uao* 
oou^iod Tt^fmm of tbo ooi^Simtiiril^ tmaAt tii^i tlio Sio* 
irilmtioa of thooo pooitioas givoo dirootl^ tbo aliay^ of 
tkio idoai iao^iro^at* Sliio h&B Ntaa oarriod out for tiio 
. \m^ otruotuvo of tuagtstoa 1^ Monaini ond Q}m4mpom i$)$ 
aad ia t^oaa ia Fig« 4*41>* 
flia f«»ai*odgo of '^ uigatoa oovvoapttods to tl» 
tiiTOdtoXd voXtoiO* If wi aXloi^ aioo ia aaAo tmt tho h i ^ 
t«aporataro to vhioh ttio wuodo ia boatod duria s^ tho aoaouro* 
aaatot i t vm»lt& ia iiroadaaiag of tlio fofsi«adfa* Shia 
ha boaa iXlaatratod ia ifig. 4*4o* Hovt tharo ia a soooad 
ooaaatial. aaaisptioa tliat oaa obtaiaa tbo tbia aaeda 
apootxua witlikia a^c^t ttia fir^t toa iroit^ ff^a Wm 
after taking band-etruotiire of solid 
iiito coiieideratlon. 
c. .jodified isochroaat due to tempera-ture, 
thraehoXd evr^n for tha rm»Xly thick tti94« ua«4 for th« 
aoasursaeats* ThXtt aamuiptlon thcmiph euri^risias ftt f irs t 
jlghtf i s supported quit* w«Xl hj tiui diatrlbiition of tb« 
charaoteriutic onargy lo»8«» of th« oJleotroiis la twigst«a 
(10» JLL). With thl8 oonooptlon th« Miaaurod isoohroaata 
dlffor froa that of Fl^* 4«44i only dua to tha flnita 
ra oXvtiig powar of tha axpariaaataX apparatus* • 
Tim "in^truiaaataX windotf** of m» instr-ument 
i s obtained h^ talcing into lioootint tna foiXowii^ laXlw* 
@2iiee8 t ( i ) the aonaehromator paai»»)iand» ( i i ) t..e j:kmtxk 
»a;;ioae of tha X*ray tuba ^litaga and, ( i i i ) th^ mmvtsf 
diatriOution of tha aaittad aXaetrow. Mow thia i««atnii» 
i;.«ntal window ia added wildi the i^oohroaat oi I'ig* 4«4a» 
Having ooii@idered a l l ^eae influanoea oorreotXy one 
should Obtain a oarve in oonfoxaitgr with the smu^weed 
l:>oohro»ats. 
As ha4 been poiated out ahovet the initial, slope 
of the i;«oohroi3a%^ aorrexipoiidin^ to i^erai level ia inalined 
doe to the f ini te wid^ of Urn apaotsml window* '£hd aid* 
point of the linear part of thia alope haat thereforof 
beer* ohosaen aa the jj^ijition of tha l^md^level* !£he elope 
has been oarefolljr deteiainedy and i ta point ox inior^e* 
otlon with the hao :^ground ha^ heea used as a aero point 
«di«& adding indiiridual reoordinga* Th9 b»okg;towi& intansity 
was imvply^ tii« mt^m for al l the iiiooferoiasita oiufve !••• 
about 190 oeimts par 100 aaoonda* k& vwmry pra&«Bted 
ourva ia tba aeati ourva of fo\tf to alx ixidivliluud raoor* 
(Uo^at tlia otati^tioaX aivor aarkad in tba flgoaras ia 
daoraaaa4 by a faetar of 2 or ^/f (aa ^ a oaaa laaar ba> 
raXativa to tba indiviOual aarra* 
(a) IA* SXaaonte 
la tasrma of almiXaritiaa and diffaraaoas In 
aXaotrcMiia oa^ if Xgoratioaa 9lmmn.t,a ara graoi^ ad a^  ii^irt 
gas alei&ant^ f rai>r@^ai:itativa al«iaiita,traii<^itlim aXe^ ai^ ia 
aaad ixmar tvaositlaii aXaiaaiita* BXeaOitta of 1 ^ firat 
^roup ara otiaraotari^Kl by atasui ia atiioh tlX atibaidlaxy 
quaatua Java^ b tliat ara prasai]kt ara fiXXad to o% a^olty 
2a oaaa of rai^raaantativa aX«£aat& tha eutaraoat Xairala 
ara inooa^ataXy fiXladt tiliiXa tha ianar XavaXa ara 
fiXXad oaa^ XataXy* lor '^n»aiti^» aXaiaaata tha stoa baa i^ i 
laaar 4 XavaX «^ieh ia partiaXXy fiXXa4« Sbara era four 
aarias aao^ Hm trttiaitioa aXaaanta oorraispeMliig to ti^ 
oooQ^ pajaayof Hi 44f S4 aad M I^MOJUB* iav«raX of iim 
oharaatariatio propartias of tha tanmaitioa aXaaants ara 
baXlavad to ariaa from tba orarXappiai^  of a ooMuotioa 
band vtith tha 4 bazsd im^adiataXy iiaXow* Ttm d baiM ia aot 
In Vx9 ofis« o£ ijiatir t raa i i t io i i tleiaittits ttxe atema 
hair« not OOIJT iiuidiapitt*!^ f l l i94 A 3.«T«Xe ^ t t ^ £ 
l«Ytld ar« also not fiXl^d td Q»^saXt^* 
fioM 9Xett«nta ettuli^d from, tkm "H erovkp ot 
t r aa t l t i on cXemvata ar« iSo«cidiii«» Titiyaiust Vaaadiuia and 
i^ luroiiilitiB* The oXeotrdoio ooafigoriktioxio ana so^tt o thtr 
liit«vt«tiiig oozietftats ot t in •X«a«ats iii.T««tlgat«d ar« 
giv«a in Si»1»X« 4*2« AXX tli« r»ooqr(l«<l iaooiuc^Bat ounr«» 
9£ aim M gxoup i^iow a typioaX at]piotur«« Juat 2 to 5 
volte «bov« tti9 f«rmi*X«T«X th«r« •xi3t« « fXat maxiaiui 
yiiXQh i s r«f«]n:>d4 to a« 'fGOt^atraeturt*** fiiis foot* 
s t ructur t i^ then feXXo«ir«4 ti^ tii« isiala p99k. wbicb i t 
aXso t«rm«d ae **i^ tiXla aaiaJdUmm'** Sh«»« two saxliaa aro 
Xator o^jdciistftutX/ ropoat^i aXoiitg tb« ourv«» flio 
aurv«8 aro ^anoraXXy roooinioA upto $0 iroXto tvfm tkm 
aliOTt wav««»Xangtli Xiait* 
V w * * / fnB Bf 'iffltiiiiW 
Ili« ijoolsromat ounrt for aojKi&lu^ i s &immn 
in Fig* 4*5. tfost abova tho faj?&i*Xev«X thare ia &, 
£X&t MaJti^ auai a t about 2«$ iroXta froa tlia iifaort wava«»Xaii^ th 
Xi&dt* thin HmX sittximm tu t^ iazt foXXew^ by a alaejrp 
L^ aacimuia a t X4 voXta* Aftar tMut thor® are thirAt foiurth 
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Fig, 4*3* liioohromat of ocandiuu. if.!., stands 
for jPermi-Lsvel. 22 «/ is ths snsrgy 
intervaX after which the peaks are 
repeated* 
tirely* All thet»« p««ks ar« Vdzy w«Il r«produoil)X«* 
If tli« ourv* oiglit luivt l»eoii «i;t9iided further m^rm pftaka 
Xa tiM IsoohrooAt ourvt tae 4if£9r«na« d«tw««n 
tb« f i r s t aod tli« tf«oond p««ic la aliout U •¥• On* mii^  
thiaic tliat tb» Imttmr p«aie i s ma. 9ob» of th« fona«r« 
Bat aooordiog to Mi41»o«r*i tiiooxj tbo ropoatod pontics or 
tii« ao<N{aIX#4 oolioas skiali. itoira a vaduood iatanaitSir ?•<» 
Xativa to tli«\)'reca.e.olw«}(^ s to Ji«^  aotMAi; of t)M pcxvoat 
paaic^ * this la 4«fiait«ljr i^t tho oaao hare ms la avl49i:it 
frosii tha IntaQ^ltlOii of tta Tarloua i^ aalta* fiierafora tba 
two mmstimvk should ba dua to two Jjada^ a^ii^ aiit 0&!a~iuu» itow. 
If t^a third paak ia cou^idarad as tha rapatltloxi of 
tba flratf tha foiurtb of tha aaooad aad ao <m« mm aasily 
ooaiaa to ti» ooooliulon t^ &t tha paeiks ara atuidlataiitly 
rapaatad and tha rape t l t loa aoeura at aa a^orgar iatarval 
of ahottt 82 •^* 
I t l& a wall kjdowa f&ot that tha parOj f i l lad 
d and a baada of tha t:raa^ltloa aatala ara hyhrldiaa4 
CX2} « fh» h^hrtdiaad l>a»d0 or Saaadluffl oontalxi thaenia 
aIaotjn>]iia9 a@ oan oa aaaa Jtroa l i s alaotroulo o(»afl^ tii» 
ration* Asamiiliitg ^lat tha thaoratioaX dax^ altgr of ^ttataa 
oaLoiaIat«4 far iilolcti and copper wiaJkoh i s iib&mi iii Fl^« 
4«6t id also i^ |iXiofU>X« to Va» four oiomonta vis 30t fi» 
V mid ar, 0210 flnao a oertidii agreoitiOiit botweoa %h% 
positloa ot t ^ 4p I»aa4 raaxiffiwa abovo tbo F«xai«»JL«v«l 
BOd -yio ttuiorotiaal iw / ^ vaiuo (sujffaao i^ama lo s j 
or loworwl plii^iik lo«i«i}« $li« lattor v&lwio for tSm 
various oios^ito ftro glv«a In 3«bl« 4«>» A oo£ftparl#<m b#» 
t«fooii ti^ o thoorotloiikl j^ lASttft lo^o atid tlu^t duo to «L|/or» 
iaont olo^rijr iii^ootoo tim% tbo two loas Via.ttos aro tiot 
^ t o la fi^ ro«@es% la tbis jpyrtieaiidr oti^o* £herof&rot 
^ p A f i aii<nU.4 not bo oxjpootod to r«;^ros«it tlio iovorod 
pltmmm XQ&Q for .^ aa^ adiufs* Altlioti^ 4» IMK^ ta^ xi&iaa ood 
tiM lovroroa plaeaa Xooa mltui foumd in tlilo lavostipotion 
do not f i t voXi yot i f tlio two ari^ ao tiemi tho ^mm amLm§ 
ooo mii^ t oo^orvo In tlao laooiironfit ourvo oitbor » broad 
pooic or two narrow pmaii^ ( i f tho ro^olutiou bo oxtroiioly 
Ma^)* I t iOf lio^oirort atrau^o timt %h^ mtml lo«or«4 
pis^Mi io^e vcduo ia higlUor (II* $ oV) t^aa both t&« 
difjforoiioo of the 1^ mui 4p bm«<l i^ aaciaa (i<l^ « 4*6) • 
and tbo tboorotiisal ioworoa pXikmm lu»& volot (7*4 oV}* 
Ho«evor« i t mniif be poi&tod omt kmr^ thaX omso 
ia m^ oral 4i^mi@sioa l^ rofOJi^ or folsoai HojPikji hmB ob4«oto4 
to tHo thoorotiaal roauii^ o^ i^ ro^ o^d in Fi^. 4*6» oitlioii^ 
Pig. 4«6. Caloulated band-atrocture of U^ ib @l^  
Th« love l density ourve tak«a froia 
reference (13) ia a ooaposit* ak^toli 
from large number of oaloiilatiozui* 
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this piotur« bM) b««a u^ed now for* a loin^ tins ia 
soientifio rtporta. Actually noood^ liaa fowid tii« 
ttotorAtlciOly expected douta* pmak in tiio ai^^orption 
•peotTft ox aiokel or oop i^ort According to hia, the 
firstft iMiak co'iririD^ •Iwaoute upto Va&adiua anould bo 
romovod* Zbo distribatiea etariln^ irom sox^ mvuit bo 
Arwmx straight to tho aooond poak* But Haarasi^ s point 
of/iow ia not oasil^ aoooptabXo a.d i t noodo aoro work 
boforo <iOmothiA<i dofioito can *oo dooidod about it* 
Hovortholoaa» i t &ay bo oonoiudod that tiie 
l i ra t poak rofloots tkio don^ity of atatou iii tiMi h;^ bridi2iod 
H^ b&idt umt tiio ^oooad poede i s fiidro doubtful in this 
oado* fho 4p bayod iiuustt at Xoiuit* bo involved aad 
io probably ovorlappod bjr a ^^ooMarsr 3d b&iid dioplaood 
by an aaoimt oooh larger tban oxpootiklt Moreover* aa 
Ifcaa (»ooix pointed out earlier the lowered pXaama. Xoa^ea 
are very tmoh influenood by the surface conditions* l^e 
liidth of tho tXr&t peak ie ai^o in fair m&t%mmnt^ at 
Xoaat ^oaXitativoXy* witi* the thoorotioaX lttii4««idth of 
tho 3d hmiA for niokoX and ooi^por. 
Here i t mouM have uoon Interesting to make 
oertain oos^ parii^ ondf bai unfortoaatoXyt thero ar# neither 
jk-«ibaorftion aar oharacteristio oaer^ Xoa^  apeotra 
avaiXabXe for thia oXemont* 
fhe ovaporatioa of Titaaiuai m»%al requires 
spoalaX oar«* It was •vapo^atvd In a tungsten plate 
with a omaXl depre^^eioa gronna into -Uie sorfaoe to hold 
th® graina of Has ^etal* ll^e aetal aelta at 1720^0 and 
evaporation takea pXaoa 4uot above tlie aeiting poiutt 
mm ia a oon^iderabXe riak of i t s all.ojrlii^ wltli 
tungsten tt the famaoe la overiieated* Hovmnmrt by 
tr ials i t ooxald tm poaeioXe to get a f i in of pvir« a@tal 
a» ia evident from i ta i^ Jbotooeter oarv <i*ig* 4*2)# 
Ihe i^ ooJEireaat ourve for Ifitayoiiia ia given in 
Fig* 4*7* I t luMi the aase aooilter of peaka within the 
potential ran^e invoii^^ateo aa i ta predeoeai^r and ie 
qi&ite aimHar in ajppeanuioe* Aa Wth Tltanixjua and Saandiua 
liave the Qmxe eraretal latt ioe i*e. ikexagonal oleae paaJcedf 
their liaad atruo^ire ou^ht to be -similar a.id c^ a omise* 
qoanoe l i t t l e difi'arenae ie exi»eoted in tUe Qhlin >tarao» 
ttiure for tlie two aetal^s, fMs exi>laina the ^^eueral tiiai* 
larity' of the two aurvea* mm hmiom^ the f irat and the 
aeoond pealia in the beginnlnci of the 1!it«ni\M ourve sia$3t 
he interpretat@d aa being pictures of thm hjr&ridiaed 5d 
baM,and a mixture of 4p band mtth lowered plasma loaa 
reapeotiToljr* 
Inepite of the ytioiliuritiea a^entiened above the 
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Fig. 4«7* Isochromat of fItanium. Tii« sm«I4 
arrows indioate the energy loaaea 
found by different workers. 
tm isoohroaata are ao% quita tlie urns, A& l a l;^ :^  oas* 
Qt Sa&tuiiusit U' me Xhlr^ peak 09 taitau a^ i siOi. dO£U» oX 
Uxe f i r s t , Uie £Qui-%h ox' tiliii i^a.oua alia .^ o oa« tine rapa* 
t4tiou oX paaJciu oaours l^«re a t im a^ uiirgjr lii.'&a£^ <uX of 
aoout 17 oV^  (wMck was tovkoii %o oa 22 aV in 'Urn previa oa 
oasa)* liimilarXjr ttm eriargy aifXeraooa Itatwaaa t-lat f ica t 
and tlie sacoxMl paalc tor tt%MkXv& l& a&oai 9*$ aV (wMcb 
w..a IX* 5 •V t9r ^oaadlua). 
A etiQiig 0U]»port %9 %bm iutiar, r a ta i i an of tba 
iaoiikzoaat stra£t1»Lra dosMe fros the mea^wte&mit of csiiara* 
o ta r ia t i a •^mvgy loeaaa oX eieotron«> l a the m@t&L i»j 
uoijixia und Sw&Qk (14) • l a ttaalr raeoJTdl^i^a oX tiie trati* 
.^Itleoi eli^^iit^t Saa&alu£t aataa4i>ta(lt VM^ ttrmai oax'tain 
pealcg to aa due to plaema Xossae* Xlie eaar^y lo^a for 
Titaaloa was 17*6-oV« l a tlie ^£^f9m9a.% oasa ti;.. ma&Tt^ 
dl^^plao«%s2it of tl«a peak:a 3ms ^&mi found to ua a i^ioat the 
saiaa (17«0 eY)« Tliare la aldo oot auolit dlfXereuoa batweexi 
Xim tliaoretloal Xewared plasma lose aod that due to ax* 
parlaentt as oaa oe aean in tbe 7al»le 4«9« fhaae a^praa* 
siaats aight l»a aeoidental* Hoivavert tiiera are a mia&er 
of faota i ^ o h Indicate otiieralda* 
No li»abdorptloa eugea are p«i)»ll3hed for this 
ele£iaiit xip t i l l oow. 
Sb« isodlirosuit oarr« for iraiiadiuci Xs ihown in 
£r9i& tiiO£»« oi .^ aDuudiiia mJAk X i^taiiiuuii* In tMc 0&39 th* peiiic 
are nut ao a}mri> as IA tl3i« pr^vlaua two oi*4.ea* i^ ver* th« 
tnaia p«alc i s ooia|)>arat4v«l^ &3EfGiMi« Yaoadlua him a bo4jr*» 
o«ater«<i oui»io Imtti • «im« ti*« ot^er two ««r9 li®xagoaai. 
(^ uooouat of thXa etruotturatX dil'i«reaa« o^.<iO dl^^aioiXazlty 
1» to bo «xpooto4« 
Oao of the oharaotoriatle oaorgj lo^a vaXuas 
for oXtiotron in tiiia metalf aa found in refoz^iao (14/ i t 
21*6 oV, In tae i oohroaat ourvoa tho poakw tre rejpoated 
a t aa onergy in tor ra l of about 21 oV wl]duh isi in i^ ood 
a^ooe^^ntwith tim al»ovo valae* In l^bM pra^eut oa.;e tho 
third a.id the fourtii i^ eaka iii?« ty^iaai oohoos of th« f t r a t 
..ixii tho s^ ooomi j^&m.-^ rea^ootivoiy» lao^t probai^Iy due to 
tl:i« preuOttiAating plaa*aa loua* iiut tlxe l aa t poalc dotiB 
ooti appoar to i»% so* Ti^is oa;^, ho&'oyer, be interpreted 
as being duo to miiltiplo e org/ loaa. t i t i i l t thoro ia 
oae aoro ooaTuiioa about ihia pook aim that ia booan^o 
uf itv^ bigbi intoiisity. fb© oohooa* a® montiotiod oariier* 
i»ro 0X|.eat«d to bavo a iowor into .^ity tbaa the primary 
i-&m.d* Mtber thia ixuirea e in intonsit;^ isi#.t Jbavo 
oootauNid due to a ^lig^t inore&ae in oaiaaion curres t 
0 B 10 16 20 25 30 35 W 45 M Vblts 
ItXa, 4 .8 . Xaoohromat of Vanadluoi. 
(wbieli w»a aotOMHy not Qbmrvm) we if i% wtm xxo% ao^ 
thia •l'f«ot s t i l l regains to b« oon^idtred.* 
Tkk%Tm i0 no reiMi^ cm to latorprot ^ « atruoturo 
of VaaadluQi i^olirosiat In & 44ff«r«iit vat/ to thOi»« of 
tiM |>z«codiiig •l«&«4ita* £2^8 the ^irot poak i s au« to 
ttui lijrbridizod 9<i baad eyad tJ^ e ..ooozid OiaA to tno 4p itmA 
ovorlappod b^  tiiO lowered plimsm lo^a*- l^t li»«^4i03rptloa 
ourvos for tliis oleiuont also aro not avallablo* 
(»>lT) Ohroalr«i^  t 
Chroalsw motal luia ]MI«CI tridol^ iavoiitigatod 
(6t2fl$)f tho roaaoa boiag i t s stabil ity under olootron 
bo^ Diigrdmont tvmk at aa hXgjk « taaporaturo a« 1600^0* ^ « 
iuooiiro4aat ourva i'or OkmHEdua reoordad t^ Johaiiaaoa (2) 
i j liQiaai^ iat iii&il&r to tha ozia pra>aata<i hara in fig* 4*9« 
Xiiia a^« howivart not aiurpriaing siiKia tna iraaording Imsi 
iMian dona almost una or tha aama oondi^ tiOiJiat uaing thm aa^ d 
tip^arattta* Of 3our@a» ao 4oliaa<iaoii wao aora iittarastaa 
in tlaa f irs t part of VOM ouirvat }B» a^ad bjoadar isdndow 
and tbaraforOf oould not find thu aolioa^ n^iolt ar& aasil^ 
v i^b la in tha praaant iaoolu^i&at* Ha teolc 3 to $ volts 
dtapa in tiia ration abova tba iuain paali:* ^)^ti&t9 tha rapaatad 
paaics ooeur* 
Eafaranoa (14) givas a obaraotaristia anarg/ 
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I ' ig. 4 . 9 . Isochromat and Lj^j-abaorption 
edg« of GhromiiuB. 
Xoaa of 24*3 tV for Qhroalv» vhtXt) tho r«p«tltloii of 
|/i(fiui0 Uk Um pro^oat i^ iOol&roAat oooura »t im ftiier^ 
JUatoriral of 24«!^  oV» Ihuat the j&ain plasiui Xoa^ vaLuo 
(A^i^^x-iiiittiital) f i t s MAiaH b«tt«r lei t^Jiti o«>'-.-« tiiSu. in 
ftoy of the itreTlous oauaea* 
A^  thor@ vms gooa raaomOX«iic« in ti^o liiOwhroiaat 
atruot\Lr6 fox' .>ciuruliu& and I'itcuaiuiJi oa. ttio toft^io oi 
Qry&t&l dtruoturo (ooth boiotg hoxagoaial oloae paokeu)* 
Vaaaaiu^ und ohromiua bolong to bo4y<*Ki«(itored ublo l a t t i ^ t 
audi tborofore* to oxpsot eoae r«a«^bicutoe in tboir Ohlln 
Gtraoture i s quito natural* fi»i8« i a fact t i^ aviaent 
fro£ tli£ two iaoeJbgrosuBkts* In DOtb oaeos tiie poak& arc 
G&aparativoly bifoad sM oot vory woll dofined. fbe Cti^. 
miutk iaochromat a»i^t» ihmi§ bo expi&la«d in t . e &B£JM waj 
as tliat of Yaaadium* 
Tho l#»abaorptioii odgo roaorded by ijomiolio (12) 
iia^ boon insortod i a tho fi^uro for diroot oompariaoa* 
TiM position ot $d baiid aaximtaa ooiacldos olosoly i^ tho 
two ourvo3. 
(b) 44*EIements 
Ztio metalo atoaied from the 4d group of traiisitioii 
eXe:@nt8 are Yttriuci (oxido)* Zireonivm, Hiobium and 
^oljrbdomia* fheir eieotroaic configuratioaa are ^ivoa ia 
TaaX« 4*2. (km ot tb« diatlni^uioJiliajg tsatiu'eu of ihB 
iaooturoiaatd for tliia gprov^ of •l9^<diita i s tiiat tl:t«s^ ' do 
not aiiow tbo fooVatruatur* as did tiaos* oi ^^ group. 
Out thoj ahow inatead a doul^le p«aic abovr* th* short 
tiiav«*Xeug;th Xiait* I^Mo might ba due to the; diff^reuco 
in the dausit^ of atatao catwatJEi tha 94 and 4d ))aiids* 
The poaica for tibia sariaa of alaaenta aXao raappear af ter 
equal interval of e n e r ^ aa before* v^iloh in turn i s 
interpreted a» tha aain plmmuk loaa« 
Xt oee^iai thex*«fore, quite reasonaaXe to inter» 
pret tMis doubXe peaic in the saiue w«^ ma the foot*, truotare 
and the .main pealt of the M eXeoenti** tio ays3S«;matiu atudjr 
of tae ohar<..c;teriatio 93MT& Xosaao haaii heen perforii^d 
for tJaeae oXeaente* Shore are onX^ iioae vaXuoa for iiiobium 
and o^XjrbdeimBi reported b^ different inve^tigatorst aTaiXal»Xe 
ror ooapariaon« Further* the iaoohronata for the 4d eXeawdto 
are preoentad in the aaae wa^ r «o tho^^e for the Jd group* 
(b*i) fttriua Oxide (^2^^ 
Ho start with a aaapXe of laetaX was taken whioh 
was reportid 3peotro3oopioaiXy pure by the Firm, In the 
Xiterature (5) fttrium metal ie reported to be ^ uite etaoXe 
to norstal pre^aurea and doea not oxidise until higher tea/* 
peraturea are roi^hed* fio eXeotron^diffraotion data are 
«vaiajk)il« for Ittriuig iMtttlf aod the oaUdt diffr-
MtioJi data ooinoia* Tcr^ w«lX wit.h th08« reoorasd for 
the sjHiaide£it ^^ oae o&i'i a«« izi is'i^. 4*2» H9aa« tLdre 
i s no reuaon to i;>oIi«v(i the ^ubottmco to bo puro ae t a l . 
Aod isix^o the tOi^iporature of the target nover oxoeedod 
§i>O^Ct oxidation could not haro takeix i^ lacio durlxt^ tho 
•xporisont* fho only poasibiXlty then i s that the ao«»oalled 
*'3peotro800pioaiXy pure** ICttriua aontataed aose of i t a 
oxlcie* 
!OMI iaoohromat o«unr« far "^o ^^uostauae 1;^  
pre^entod in i'i.c>* 4»1#* A® one oaa see the i ' l rs t two peaki* 
are ^uite well j^efliied but thle ia not true for tha Xatter 
two* ro estabXiah these two peaka^ the reaordixtg waa 
dose a miaber of timee» ooth with inoreasihig sxmk aecrea** 
^xod voXta^e^* in. each oaae there wa^^ aa indication for 
tue eaUstexioe of thia pair« aXthough* aXX thi@ appeara to 
be wlthih statieticaX varia%ion« fhus^ i f the existence 
of thia pair or peake be adsaitted* the repet i t ion of peaka 
takee pXaoe at an mi9r§y intervaX of X7 eV. fhi i* aooor» 
dih^s to tlie ihter i rotat ion oorreai oade to the oharaeter* 
i s t i o ma$irg;y Xoaa duo to pXaama and bappeiie to be muah 
higiher tuah the oaXauXatid onot i»iven in Table 4*5« 
iiOAevexy i t aa^ m noted here that th@ eaXauXation frousi 
t i ^ simpXe pXs.aiaa oaoiXXation theory oan QoXy oe uade for 
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i ' ig. 4 .10 . laoohroaat of Yttriijua oxide. 
tbo i»ir« attt«kJl» wiiloh ±m not tiMi o*ii« iMr«t ae pointed 
out oariier* Kooplag la nind tlio oxidMtiont tliis oxpor* 
imental plaoiaa loee vaXuo is, tbej:>«foro» only ^(nalltatlvo, 
ae on* would expect the peaks to oii&ii^ e^ their poaitione 
sliglitl/ tTom those of the pare aetai. 
liloreoTorp it turn been reported in oojmeotion 
with the oharecteristio mkergsf losses of eleotrons in 
tietale and their oxides that the looe velue for oxiaee is 
higher tli&n that for aetale* This le qtiite in a^reeaent 
with the finding here* 
!£he aad resolution of the tiiO eohoea of tiie 
pri^uir/ peaces maff &Lm^ ae mttrxuuted prooauly ^o tL9 
oxidation of the aetal* 7hia eonaluaion io f ortj^ ior 4upp» 
ortod b^ tim relatiYel/ lest^  resolved poaku in th€! case 
of ^Iraoniua oxide aa ooapared to ite aetal« reportea 
below* 
(b»li) ZlroonluM i 
Contrary to th9 other 4d eleraente reported herot 
^irooniua ha» an hexagonal olo^e paoked eryetal lattice 
and a eloser agreement of ite eurve with those oi* other let 
thereforet not to be expeoted* She laoohroaat ouinre 
for SSlrooniua ie ^ / e n in iig* 4«11, A eomparieon of thie 
ourve with that of Xttrios oxide akoea soae reeeablaiuiet 
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f i g . 4 . U . isoohrouiat aiid L^^^-aoaorptlon 
©dii« of ilroonlttta* 
tet tbt tifttk p99St ^ %hm aivMoaim i#ooiirwiftt is 
alMizig in o«0« of fttxlm oxid«« flm poor x«@oXati@ii 
o£ p«ak0 la oiA« ef '^ iveoaluBi mEi4« I0 <vl«ibl« la 
Tli« mpttltlea of psaks la tlM laootunw&t oarr« 
oo«nrs at «& mmwest lat«rval of 19 •? maA the tiiaraotar* 
Istle wiargy loas roporfeod ^ Eoolaa (X4) for tfat aot«l 
1« X8«2 oV* !I3aiSt tho aiprooaoat iMTteMNHEi tto two «x;p«rl-
aoatal. looa vaXuoa Is fairly «^od* Bat tlio tlioorotlool 
pXaaaa looa valat I0 mmh oatillor than oltlMr of thooa 
too ao «io oaa ooo tvsm folsilo 4«9« Slila Alfforoaco la 
tlioorar *BA oxporlaoat aayt ikoooYort bo attrlOatod to tao 
variatlfim of j^ laoaa losaoo dao to latoi^baaA trwAltloao* 
1% Is Tory iMlX immm, tli&t a frooJBAy ov»|)oratod 
ourfaeo of SlrtvaliBi iiaa a largo roaetlTltir all^ orilaaxgr 
gaoMf ooj>oolalljr oggrgoa* la faott iis^Uig tiio first fow 
attoapto tbo «n^ oi^ atod fUa «mo foosd to bo ojclcll80d« It 
lo prolHibly for «y.o roasea tluit Slreoaltia Is aood aa a 
l^ttor la fooww t«lNMi* Aajr^ ow* ^ spoolal proeaatlaao 
I t was poaslblo to got a fUa of para aotalt as ass oox»» 
flzskod ^ Ita piioteaotrlo rooordlag* 
Idofold il6) ham £«kl»llal&od tbo J#»absorptloii 
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Fig. 4* 12. laooliroia&t of irO^* 
•tig* for 2ijrooiii%» wtiioh h&» brnmo. UmmrUtd in Wl&aw 
4«X3» for <iir«dt ooi^parison* A^  oiM eaii &•« tb»r# la 
« Ixttop in th« ab..orptloa aaylmaa aiui this i s due to tik9 
»Mt« l ines aooospaayixi^ Uie Absorption stilgs* JJsapits 
this diffsrsnoSf tx.s aain fsslcs of the two eurrsa ooin^ 
oide ver/ wsll* 
(WiU) MSMM * 
fhs isoohrooat o\irvs for Miehiutt is ahosn 
in fi^» 4«X3« Xt hfts ^ ot four peaks within the range 
iavestigate4« ^le first jpeak is sbOi^ t 9 ToXts aOove 
tas ^^rt nave^isniith Xisit mii the repetition of peaks 
takes piaoe at an ener^ intervaX of 2X eV. 
fhis eXsment hiui a X ^ &een iavsatiiate^ by 
QXans and UXasr (X7) at X2?0 voXi.8 and XQ30^Q* It one 
Xooks at the isoohromat ^veii uy CXans & UXaer ens f in^s 
it diffiouXt to be sure about the eicaet position of the 
peaks exaept the firstt In tLe preset ea^e thoa^h a 
eooXed target was n^edt the peaks are better resoXved* 
Th&3f have reported a oharaeteriatio msitgy Xess vsXue 
of 22 eT for liiebina oorresponding to oain plasaa Xosst 
aKhods iraXne tu£»s out to be 2X eV froa the present work* 
Here it aay lie notsd that the Xatter YaXue is smoh nearer 
to the theoretioaX om$ tabulated earXier* iioaving aside 
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Fl^» 4*X?* XsoohrOiiiat o£ Niobiusi. 
tilis dirf«r«iio« th« %99 ourY«« h9Kt good rooca&laiioo* 
Xho i0ootizomat ourro for Moijra t^aua ! • ilXua* 
tratod in Fi^* 4«14 iloIarM«s»a liko i ta proa«o«saor (N)>) 
b«3Loiio8 to %&• bod/*o«Atrod oubio Xattio* oat^gory «Qd« 
th«reiror«» tm two ourvo i^ iiro ox^aotad to ism ^iallar la 
apposraooo at laast* iiow«V9r» tliar* la on* polat of 
diffarauoa visiHi* froa tli« two Flgorae* fh9 MoS^ bdoaaa 
Isoohroiaat rlsioa aoro aharpS^ tiiaa ti^ a ona for Mioblua. 
CXaa^ a muk XHMMT (17) aXoo foumi a ohaoga of aXopo of 
1»# voXta abova tiie thrasliold voltaga in lilobiiia aad 
Sandotroa (16) liaa also iiivaatigatad tbo iiolyMasaa 
metal but at >«7 kV and uBing a b»% targat* B« lias raoo« 
rded tlio ieoohxomat only u^to the tblrd iOiaki wHlla in tbe 
preaeat eaae i t hm oeen extended upto tlie flfthf ae the 
idea liere aae to verify tba eaeiatenoe of eohoae of the 
prUi&xy peaics* iurthert hie disouaeion on the voltage 
dependenoe of the struoture leadi» to the ooaoiu<iioii that 
the height of the uhUn mmxAmm oimuid ^eore^se a^ the 
•oltage ia inoreaeed* She preawnt aeaeiAn^iente whioh were 
aade at ahout $*4 k7f vfaon ooapared with hie results are 
toite ia agreeaent with hit finding* 
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Fig* 4«X4» iBOohrom&% of >ol/bd«aua* 
TIam rttp^tltioa of the p««^ iPi ocours at mk 
Qiwrgr intarvttl Qi about SI*9 oV and iiKio* th« Xoii«r«4 
pla^wi loss i s aiTOtMid 10«4 oV* £l:i«oo VAIIMS agroo 
f«lrljr w«lX with tli04« of Saii4otx#a« But tiM i&aiu plaasi* 
Xooe l»««r« no mXatioa to that 4ii« to Qlaam aM. Wjmr 
wbo roport i t to IM» 26 oV. Whilo tJao oaioul«to4 pia^aa loaa 
vaiuo t a i l s ia botwoaa tho two valuas. 
MmoQMlxki of h^^ and L^^^^alieoTptioa apootra 
for LQl^ML9jmm aliov uliito iioaa juat a^ra th« al^sorptioa 
aciga (19)• Bia aaoa iioida for Ittdum oieidat ^lou^ not 
30 proaouiioat^  aa for tha fon&ar* i^iaaa XiiMo hava baan 
founi to ba do^oadaut on tlia ory^atal struotiara KUI tiiiay 
ara usually iatarpratad as an avidOBoa for tlia l a r ^ daxi* 
3ity of tha uaooouidad lavals iaeaSiatalj al30-y» ti:i« I'aroi* 
laval* Jut t ^ wHita liiuia aaka a cULroot oompariaoa 
of tha absarptioa aciga with tha isochroaat ourva @0£^ a«4iat 
troiiblasoMta* 
Froa i^iat has i}99a aaid ahova i t 9mi ba oonoXudsd 
that thara ars a aymi>9» of faetoro responsibla for tha ohapa 
and struotoral datails of an isoohros^at or a auhstaac^ 'S* 
Amam thoaa wtiXoh ooatrihata to tha sha|.a eaa ba laoludad 
faoters lika rasolTiat^ powar of tha «^paratas» ths voita^a 
oa Vm X-oray t u ^ t thd ty^ of tb@ esyatal Xatti&« 
ana •rioi a I i t t l « bit of odiitwaiiaatien e«|;« oxidatioa* 
Xho stmotural details «r« akoioly dapondwit ui^ oa th« 
toatiid atTUfitiuHi or %h0 lev«X dansltjf <»f th« ele^^ont 
ixirQlr9i.t euiA tii« obaratottri^itlo «a«74^ Ioss«3 of the 
eldotrons in th&% partioular el«aent ar« &lao lMir@otiy 
jLnvoXved* ShoSf the etruoture imwe tiie ^hort «r&v@«> 
leu^ith l i a i t oan be reg^unled aa a a^perpoaixloii of 
two istruoturee ; <me atmoture due to eieotroxu with an 
9iiex'gy eorresj^oiKliiig to the i^oXe aoceXeratiaj voIta^» 
auu the other atruoture due the eleotrons «^oh have 
los t part of their eaergy^ by ooXXleloa pzt>oe£»se3 in the 
tar^'et* 
% the vary aa ufa^  tloa of the oharuoterltitlo eae«* 
rgy loiiii^ ieot the e/ior^ cLiitrioution of whe eleotron benm 
la aupi uaea to be laoneohroaatlo in a voltatse reiiilon deter* 
allied by the flr^t energy Xoaa* Furtherf the iflnaX atatea 
of the prlmax^ * eXeetroa are the unocoupled XeveXa above 
the iferaloXoTeX* tChust the deaslty of atatea 91' the 
t&r^et materlaX Is ^Ivea oy the l^oohi^^at atruoture beXow 
the f i r s t ailniffluiQ, where everXappijQg ^ets la . She seXeetloa 
ruiea goveraiois the traitaitlone into the ooadautloa baad 
au4»t be of speelaX Interest for the Interpretation of the 
•truotiurv. UuIortiXDat*!^ ao eu^b rales are known 
and tiie ez^erlmeixtal worlc t i l l mm i s sot euffieieat 
to allow aojT oo&aluoloa* 
The alcove Interpsf^tiition i s t of o&ur^ e« Mg^ily 
iicbeaetlo* M a matter of faot a s i o ^ e faotor alooe 
i s not pla^ixii^ i ta role in a partioular vmi^e of tiie 
ii^aoluroaat without interferenae from otiiere* fiierefore 
i t ia not possible to explain tbe entire iaocnroniftt of 
a l l tlie £iu.i9£3tanoe« exactly in the aaae aanner* If oxie 
f^otoris prominent in one oaaet tne prooinexice aajr iiliift 
to the other faotor in the second ease* She f irs t t«o 
peaka eeem to l>e the primaxy peaks l»eiae; subatantiaU^ 
influenaed by ttMi denait/ of levela al»ove the Fermi*leirel« 
The following peakB emy be interpreted aa the eohoea 
of the earlier peaki^  raodified by other faotore* She rape* 
t i t ion of peakii in general tai£;e.i plaoe at an energy 
interval oorreapondin^ to the siain plaasA loiia* Ixk aoae 
oaaea the following peaka also f i t well with the oharae* 
teri^tio «aergy loaaea of eleotrona in thoae el@£ieat8» 
out V[AB i e not alwat/e true aa oan iMi aeen from figures 
4*5 to 4*14 exoludin^ 4»6» fhie may t>e due either to the 
faot that the oharaateristio ene:r£f looa apeotra aotually 
are not diaorete or i t oajr be considered aa an interferenee 
fti^oiig tarn mm^ factors (uxxmmrAimd aboim* l a ord^r to 
i»xul«riituml oompl0t«ly thm oou%rt\M.%to& of oaeb faotor 
^opartttoly OZM iaas to doTliiie on«*a oxporlaoiit in miah a 
way aa to au|>parai43@ a l l imt out fiiOtore a t m %Um* Bat 
th is in i toalf vouXd ba a vazy (iiffioult jpropoi^itlon 
in praotioa* 
Qna intaridotiii^ tiling ahioh folloaa from tbls 
warJ( la that tha raai^ijo arl»i; ox paajca aftar a oartain dafinita 
minBT^ IntarvaX Ojpaos a wajr to atud/ the aaln plaai^ loss 
«uMi indiraotJgr to Yarify tlw pradiotlon of plastoa o^joiXI* 
ation tiiaary* A satlafaot.<9ry Hg^^^^mit h&B N»an oi>ionrad 
in ajuaodt a l l tha oaaaa aj£.oapt «^«n aitiiar t^o aurfaoa 
oonditiona or thm intarOand t rmui t iona oodifiecl tho 
aotual plai:»iaa loao vaiua* Following th is obaaanraition aa 
at taapt mtm )aa4a to stuuy the oharaotariatio enar^w losaa^ 
of al@otnma in ooaa aatala* flam isaaauore&^nto ami tnaiz* 
raoiilts ara diaouaaad in tiie jOollowing ohaptar. 
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HoTa Aota ka|t» So«« ^oi« 
lIpaallaxMU Mi»* U (1995)• 
A^m^^ wr4 m m^mSfi mmmit^i 
t t o $m^m Mfim^ tsP fM^, 
^irT^^Trrrt ip 
tkk9 el«otfoa «iiis£iioa |>x«diie«d nAi^ a aoXi4 
ooMuotdrs art liamNap&M with «Xeotroai} ot 60i4trel.i«4 
ii£>—4 has fox^ed th^ oifcbjtet &i m s^ rnAt miGit>«r «f isv** 
now ittior«X2jr zwQe^8«(i tlun this «isjL@aloii ootiaieta of 
twf» 41ff«3Wftt pmrts i («) ^iisa^ar •].««>troout troZ^ 
tt«r»d back mixh »«duj«(l •ri«r^* In r»0«iit ymx& ooii^ 
•leotrimfi* l^ h* ai&tvl)»ttti0a ivith renpt^t to onor^ 
oAOiii^  tti« 0Oiittof«4 9li»9t!pmm tm* a @ii.&rp p^«l(« aoir* 
•opo^ idLri^  to tiio tjnaj^ rolSLootod •i@otnKtst MI4 aoiporsl 
^m*Xl asatii^ if or dXlu^tljr Xo«Mir valnos of «(i«v^« ^«ao 
aaiaiiim av« ehAo^-jtoxlatio of t ^ i^Ufoot«£i)30 fomiasg tiie 
taviiotf 1^4 tboJUr i^Oidtioa witii roapoot to tiie r«f3.eoto4 
jt'Oak r<K:mla!j ooi^ts^t for A WMO r s ^ ^ of bos&emU^ 
irolta^ii* fommvt ttooy slioir auoh foaturos wMaii ^MJT 
ahottXd potioooof i f th^ rostiXt froa inolastio ooHiaiOiio 
mi^ ^10 target mtoia^  iitvoiviiog 4@fiiilto oxwri^ dliiiii..'0@« 
^3aa mmlX ea«rsar l^a#@ in tim emm 91' §-d 
k? •IdotiPOJit paasiiig tiuroui^ thin foi ls of various a&t» 
azid Lai)^ (4) ^ t b « aagiMtio ^i^Mti^aAttr of "ti:!* a«ai« 
eirottlar VPO* Similar i&easoroffioiits at 2S*4# kV w9re 
earriod out b/ M i^XoiMtoat i3)$ using on olootztHitatio 
leoa ao volooity analjraar* HM foiia uaadiA^ ere a f«w 
imiKlr#d i^ 0>iig8t»ii uaita tiiiok* Sio aaaapgar distillitttion 
of tho r«tarde4 aiootrfma wma givmi h^ liatbwsami imd 
i«aog in tbo fOi« of j^toaotar curtaa of tho sp^tro* 
acopio aatojfiai* k wmsimm at earo mmr^- ^mvvmmxt 
shows that aoaa aiaotrona pasaad tiunm^ tlM foil witlumt 
Xoea of anar^* Slis ratardai 9leeixQsm are aivldad into 
a o<mtiiaieus hsa& tmA ona or a f«» atfoagly oaricad oaxiaa* 
fhara aavaraX naxia^ ooour, thay ajra ai|tti-<«i»taat» Ttm 
axiataaoa of auah maasisia iadioataa that tiia aiaatrena giva 
up mimvey in disorata aaoimta at Bomm kind of alaiatiitaxy 
ratardatioa paooas®* Tbm oontii»9ua ragion may \m intar* 
pvfd aa a atatiatioal oeatiiiiatioa of oavarai aiQaantary 
prooassae* fha aaro mxXmm acid tha flrat ratardation 
oaxiauai in tha 4iatriidutioii curva ara i»all aaparatod* Ttm 
dietaaca batsira^ i thm- ia 19*1^ YoXta for eoppar imd 22»H 
vaXta for oioiiaX* 
muMpgy lo8s«ft htm hwm ooxisidi»r«a in dotaU h^ iluoa iwA 
Q9m9QTk»ra (6) oa tSm basis of plmmm osoilXation theoxy* 
Tim imXa f«atiw#« of tiila tl3«#x7 h&v% a}j?«ad^ oova omt* 
Xla04 in eh^pttr II* Eee«a^ly» Bsthev (7) stated %na,% 
plasooxw ean not \m croatod &/ ttionml i^umoas mid the 
aoot offootivt wajr to oxoito th« onoiHations ie to ao»d 
oXootrono into a oi^ sratalf vtdoli wHX oroato osoilXationt 
in ttm elootroa f^Jiaaa as a raaiiXt of tho Cotti<»Bil) intoz** 
aetioii* Aotuailyt tiiia io tiio oaao in tte Xwro^ r ioochroaat 
ux>dotioaoopy« ^ t tho oth«r offootSf mtoh aa int«rt>«ai4 
^ran <ition and ionisationt liiieti vmiX m^ ooeur in tiio 
torget* mi&% not M nogiootod* 
iiian cm iuoidont oXeotron in the £»r£^ tiii>o 
cornea very oloso to an atoai0 ooam in tiio target# itidLXl 
bo aismnS^ aoooXSrated »ai$, i^« pt^th wii i bo doflootodt 
When nuoli an ovwat oooare 1 ^ faet eXootren aoy Xoso i to 
onoi^ in ono s iu^o parooooa and ^ra^e lui^ bo cstittod* 
fho oXootron tlion ooaeo to root ti^oroiror i t oan find 
an mptif stato i . o . at tho Forai-XoiroXt mo X»radiution 
tl3«u» obtaiaod oozimoponds to tho :4ioz>toat wavo*X«ngtb 
vhloh io thon detootod* AocordingX^t aXX dogrooo of 
intor&otion botivoon tbo faat oXootvon and tlie atoi^a ooro 
ar« oxpootodt ^^^^ ^ ^^^ mrost UQG$ uXugiM oonvor^iion 
j;»rao«4« to v«x>y iwak iat«raotioaa, giving rlu« to a 
truly oontiinaoua apootnais* 
Aooordiog to tho Soiaa«7feId*« thoory (0) tho 
iat«£Mity diatril»ition obaorvoa afar tlM «]«atisa Xl^X i s 
baiiioaily a siapio 9top»faaotioa (a f i r s t ordsr diacon* 
t iziui^ liics tiis oos ohowu in i'ig. $«3A)* Sliis holds 
true for an offeetiiPsXy thiJt target and i t hou boon 
vsrifiea by B i^^ icersuia aod B«ard«a (9) by Uiiiag a xasreory 
vsj^ur targst« Howovsrt 0000 ethsr sffsots hAV^ to bo 
tatcea into aooonat for a soiid stato. Sbs bai^ Btrmixa^ 
of iiiieoeiQ>ie<l oaorgy loyoi*^ to lAdoli traaaitioos ara 
alXowad datai^ a^iijias tb« sbapa of tbo ooatiiaiious X*ray 
spaetrua withia a fo« oXeotroof^iroits frc»i th« <|aa&tiiai 
i ia i t* Tim oorroidpanding mmr^ diajtribution oaa '&9 
aoan in pert (b) of tha abova aoiitioiiod fi4sitr«* But* tba 
f inita ro^olution of tbo spaot^wastor doea iu»t loava tha 
siba^ pa of tha isoohroiitat uoinfliMacad* Sha tiaat that tha 
poak of tha idaai iaoohromat aitomik in tha aaova ll^garo 
ia distiuatly ai^rttiaatxio l a aiim^^ ri&in^ saoh laora 
abruptly on th@ 2.«ft*^ tiaad aid«t iapilos that mmi tho 
iAiitruffiontaX window i s takan into aooouat thara wili ba 
a tandoiioy for ttio paak of tho isoohromat to ba ahiftod 
sofiiavSiat towards voltOisas hi^ ^har than tho truo Qioantaa 
f±&m 5*1 i'art a, h, o, arc siailar to 
%tio&e Qt iUjv,, 4.4. 
d Seoondar/ laochroaat structure 
dua to eXsotroas whiob have &\tff9r9d 
ener^ Xoa@ oorrespondliig to V 
e Structure after superposition of 
d it • eto« 
limit» Part (o) of the abov« Pigure represents tkia, 
includins the effect of temperature. 
The discussion so far has been valid only for 
a very thin target but it can be easily extended to hold 
true for che t^ick target if one considers the spectruia from 
a thick target to be made up of a superposition of contri-
butions from a aeries of thin targets. 
Some of the eleotz>ons which enter into the target 
will suffer a single loss of ex^rgy due to plasma. The 
resulting radiation due to the ezoitation of plasma 
oscillations* when the electrons suffer a characteristic 
less of energy z:^  JS, is shown in Fig.S, Id. Lange (9) has 
ODserved six multiples of an energy loss in a ?5U A^ thick 
Al-i'oil usini 7*3 keV electrons and Robins (10) up to four 
xiniltiplea in a mimber of elements* D^aking multiple energy 
losses into consideration! the resulting structure from 
the isochromat point of view will be like the one shown 
in Fig. S.le. 
The probability of suffering an energy loss AJS 
in a foil of thickness d is given by Poisson'e equation ; 
1 n -d/> 
^n ^^> ) • - ^ . (<1/^  ) . • <5.1) 
which describes the probability of n inelastic collisions 
•&6h with a eieaa fre« ^ t h > ia a t o i i e;r tTiioioia i^a 
*• ^^ as a fuactioa of 4/)^ ia oJiomi in Fi^ i* 5»2» la 
tiiQ abova a^^tioa i t ia asu^ed that tha eXectxona 
entering tim toil uadargo onljr inaXaatio GQlXi3iaaa« 
4ixioo X aiaaa^ tha » a n firaa patb oaxraa^ Qxi^ iii,;^  to ma. 
%a9vgy loaa* la raality tha tlaotroas ara aXao aub4aeta4 
to alaatic aad othar iatXafttio oolllaieoa in tha f o i l . 1£ 
the f o i l thieknaso d beooisaa omiparaala to or praater 
than X f attXtipla eaerg? lo»aaa baoami aora pvobablo. 
Baaldaa tba ahax>aotarlstio aaargy Xot^ aas thora 
ia alao a oontiauoua mmfgy laaa apaotma* Ccmaidarin^ 
thia, aad by addliig to I t tha ouzra of IPi^ * 5*2 algab* 
raioallyt oaa obtaioa a oun/a «4th a ahapa varjr eloaa to 
tha oaa ahomx i a Fig* $,la aad aiso aiailar to tb» ^xj^we^ 
i£^atal i^ooloafiat ourrae* 
fh» pveoi^iag diaimsoioa ia ^ t a ia g^ee^at 
with that givaa ia rafar ncas (1X)» ( ia)t (17) aiid (14)* 
Siaoa tha loaaas ara £Qvuid to a|»pa«r at re^iuiar 
iatarvaJLa ia tha isoohroiaat stmo^ura Cll« 15)» tha Jcao«» 
ladi^ a of the «a9r^ loaaaa hava haaa of gt^&t isimrtaaua 
ia the utaAjf of tha fiaa atruo'^ NUFa aaar tha ahort wava* 
loiigth l i a i t of tha ooatiauoiaa X^rasr apaotTus* Oaa thgyt 
aaaa ia tha profilaa of the ooatiouaua apaotra a aav aaaaa 
0.5 
0 
\ n = 0 
n^'iy^ 
^,^-^=2 ^ ^ 
3 
i. 
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Fig. 5.2. -^m yois:iOii»a al^itriuai^ioo for a«0, 
1 gold 2 ( ><5uatioii 7*^) 
of stiadjriiig V^ o^aruotori&tio •a«r^ Xo^ is^ n in 80li4a* 
Hmm in thl» elmpt«r Va» x«sttXt8 of A«ft3ttr«3eiite of 
oiiaraottriatlo •atrgy 3.o0««a in smm rwr«»«artli oleiaonta 
an4 in SOJM otiier •Xoi&oiits «r« pro^ttnt«4« Curlounly onoxagllt 
tlio mMr& loidii^ ji of rar«<^«ryi oi«&«iita J^vo ao% jrot !>••& 
stOjdied k^  mmmm of tho oonvoatioiiaX siothodo* Etmn i f tho 
proaoat 80«daiXed iaoehroaiat motbod i s not a 4ireat m9%t»A$ 
i t s t i H providoa a smmm iMoii ! • oomfXoaocitary to etlitr 
aotboclo* 
Sho 4ii£LiMii£t« of tlM «Mrgy Xoaoos on tbo iso* 
elueaat otsvio^uT^ mio prodiotoA in X946 i^ HijiMMr (16) on 
tboorotioaX groisoda* Tlma$ tlio ieookroowt^ »•«& to tiavo 
t2i«ir ei^gia in tbo )i^iaviOttr of Hm primaa^ oXoetToae la 
ttio targot aatoriaX* And tii« otmotuir* aoar tho aliort 
«avo«»X«ngth l imit proTiuos for ( i ) tho ohari^toriiitic 
ooorgjr Xosdoa of tboao oleotroiid and ( i i ) thoir tranaitioa 
into tho uaooott^iod levois of tlio ooadiaotlon h&xi€ abovo tbo 
fO]^*10T«l* 
Ooo i^riag iMit«o«a Bazlua and HafaiiKs in tho p07«» 
iodio ta)»Io i s a iproiap of f i i teoa ohoisioaXljr ai&ilar tXo* 
m0tk%Q kMiOma au the z^ aro«Hiartii9« Spaotrosoopist^ u^Jttalljr 
do not ixiQlod« Litfit2i«aiuK in th« rar«»«artli group ains* 
th« aoapXett ab eace of a 4t electron lead«j t^ a rela» 
tlvoly almplo ai«otmu£* vory dlfioroiit from that of tho 
etbor oleaeatjs in the «proiip* Uheoiatat however^ ioulude 
i^ aathamuB on the ba«jle of i t s aheitioia prOipertie@« Xhe 
seXeatioaof t^ tera *rar#*oarths" to deaiijiaato ih^so 
eleue£ita aroiio from their relative lioaroitjr «^ t the ti^e 
thiii lyuMwas prepoaeu* 
Uiifortaiiat«lyt the rare»eartii8 oooui^ the re^^on 
of the periodio tal>le wbiah hs^ oeen iea^ t^ ixnredti:>ate<i 
by 0|»eotro8O<3r{»i3ta« 2^e mm not e# eitiy heoauioe of the 
diftioultjr of aeperatija^ and p-orifyiag the <tX%i&mit^ Imt 
ttoro epeoiiaijr heoitoee of the ejetreme ooe^iexity or o^^ e 
of the opeotTfti the noKOer of i ioee experiaeutailjr oh^ e^rved 
eeeae to depoM isrgeijr upoa tim eaount of exposure ^iv«i« 
ThlB ooapiexitiT ia eo great th»t« for exa£&pie» a ah i^ige 
froa one ooafigaration to another in a neutral uradoiinlusi 
atom ean t$i/e ri&% to isere than SO»0Q0 Xinioa 9vmu i f there 
ia adhereaoe to '^e etrioteet ^eieotion role^i i f only the 
«r<»®eieetioa rule Xa retaiaed» smm than i<d»00u«000 lines 
are poaisibie* niieareas the &mm t^ka^iUon in CestivK «^ve9 
eaiy Vm> liaeot as shoim «^y Ai,hert&oa (X7)« 
The older view, h&^md m^ th# preaiction of HuMdS), 
tiiat tbe neutiral r&rtt^mmtthm kmi Xb» aarmaX eXeetronie 
oonfiiruuratioa 4^5A 60 t wh^re n go«s from 0 to 14» i s 
a*«n to b9 lxaoorr«ot in aaaj OMIOS* Indoea tho M> • 
ge«i«raL ruXe i s for tiM x«r«K»«artl» atoaa to Imvo zio 
elo<it»a la A SA orbital in tho groiutd state. It may bo 
notod thi t aa^linitaaia wtkicti lias tlio j^oaiot64 o^n^i^Of 
rationt ooataioo a half eoapioted m»l><»oiitlI« T&^ doTlac 
tXfm froa th6 oxpeotod xi i@ jaot 
^raatly aurpriain«i a« tk@ ays tons aro 30 oonj^ Xex that 
110 dofiaito i^odiotiaas based oa tiie t'uaciajser;.t«l theory 
amx 'i)0 oado* &M wm forsuirXy knovm* the uarkca uimiXa* 
rity i a the oteiiJLoal behaviour roaulte froa tluB exiateooe 
of tiN iJOYoa 4f statoa vith a oapaoity for foxurleoa ele«» 
etroae* The aature of the restating oaargy levels i^ mmh 
that the three eXeotroae tire reaove4 ooaparativeiy easily 
to give the mtemil trivaXeat £(tate« the 4f el@otroa3 are 
aot iavoXveU ia the foraatioa of oheaioaX boadat arid the 
eXeotroaa rmmiMing ia theae atatee are i>itrturbe4 oaXy 
^XiJtitXy a J tbo fieXd due to the aei >hbouriag atoma. The 
ory^taX struotuKHif eXeotroaio ooiifi^nration -am the reXa* 
tive abundance of the rare«eartha iaveati$£ated are ^vea ia 
Table 9*X« 
Quuraote^'iatio eaergy Xo^eee of eXeotroas ia rare* 
Sthlvm, SiiUlltMt Ytt«rbitta mad iMtcoiua h&r* h9&a inv«ati* 
gat«d by i^eoliroaat lacthod* Tht rmf9r«no9 waTt*l«zigtli was 
Ak) raJNKtArth a^tals are foutid to &• th« «or24*8 
l»«@t "gattcra**, parUouXarly at l u ^ tae^paraturast ti^ a 
graatast pes^ibla oautioa wua axarel^aa la ordar to avoid 
exidmtioa ai:i& othar oon1»»iiiaticHa« flia alasaeati;! Ittva t l* 
gataa vara «supfl.lad in tha fozm of iaisota or powdar by 
J^ioaoiit aiattbay & Oo«» Ltd.f iaoaxtoa and KoohmiA^x. |«ab. 
l»ti«i OoXabrookf liaglaud. th.mjf wr» a l l of apaotroaoople 
purity* fbM targata wara paraparad ia^iida the X*rf*y ti&ba 
by •va.porating tba aiotala oato Idaatloal oopi^ ar eylindar«». 
fjtxa iKirking pra^aura in tha X^m^r toba wae alwaiyii laas 
thaa $xlO torr« 
JM.Ta to ai^ ^ht rmaa of aaob i£»oohromat oiirra wara 
parforiaaa duriag tlsia f i r at ataga of tim imra^itigatioa uod 
lualf a ya^r latar aliK>at tlia uat^ a^ oiiabar of nms «aa T*» 
paatad* tae targets wara fra i^liXy avaporatad bafora aaoJi 
raoordijQgt axut tbia wtm poaaioXa without opa2iiii«£ tba apaot* 
roaetar tank* fba m&aa cunraa of a l l tbaaa raoordiii^^ &f 
plaaad to«g;atbor t& fii^ « $• ! aiid 5«4« tba ^tati^tioal arror 
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I'll^* 3*3> isoohrofflat oiirves for the ra re -ear th« 
lid to Ho* The s t a t i s t i c a l e r ror aiiriced 
appl ies to Gd curve. 
$J.hif}0O OOf ZZf'JO'V'IP P'JO ^a%00l/U' 
/•4* 4,80obrotaat ourv«@ I'or turn rare«»eaxtns 
iiir to lAX* ih« a t a t i 3 t i o i i l or ror inariceci 
appXlQS to i ^ curve. 
mariuMi in th« <lrwiin.is i s a)»oiit 2^ and ^ n rtpiroilueibllltjr 
of th« ottanr««t •ap«oiftlly t i^^ t of %h9 finor dot«ll«» i« 
^•ttor than 3. oV* 
la erdOJT to givo a bottor aynopisia of tiio 
itttoroatlng foaturos^ tbo a&xliaa of th« cilfforoixt ourvoo 
aro pXaoo4 togotHor la Fl^* $*5* ^b« lo^a poaka wn aianiLod 
al<»ig tiia «mrgi aoala witli tha f i r s t i^oohroaat i^ aak at 
soro aiiavgy* t^ MIa jpiotting tliaaa paai&a ao oonslciaratloa 
h&m b%mx givm to tiialr raXativa lataiiaitlaid* 
Xha oimraotarlstio aoarsar Xoaaaa ismsf ooour aa a 
ooa^oq^enoa of auooaaalTa axoitation of oaa or aora pXn^ uuMit 
•a polatad out aarliar* Th* ^ttlm^ playwon mmv^ i& giran 
by 
2 X/t 
P P ^ ^o**o • . . . ( 5 . 2 ) 
i^ara a iss tha maaa daasit^ of tha fraa aXeetr<»ia« • and 
m Kpm tha eXbOtxt»aio oiiarga aod raat aas^ raupaoti«raly, 
aad£^ ttw paraittiirLty of firaa apaoa* 
^h» tmmt diffioult quaatity to estimatat vi^Xa 
aTaXaAtint^  tbo thaoratloaX pXaaoa loas vaXuoi ia tls^ a aaau 
daiuiitjr of £V9 aXaotrona, whioh la gliran by the mx^nu^iim 
MiksL (5»5) 
whtrt P l0 tli<0 a«a)jitjr« L tlie Losoiimiclt nuabert 4 th« 
atoi&lo «Mii<|bt moA 9 th« Tfidtiiajr* fi«r« i t la tli« TalsxM/ 
wbialx i« an ttao«rt«iA QiUKititjr* aencraXijr <^* oliooses th« 
aetuaX nanbar &£ v«JL«ao# tittotroiasy l»ut this ia oaoagr oaaAa 
X«8d3 to very lar i^;* diaorepaaeits (iaer* tluui 20^)* A 
vezy iatarastiiig wi^ ot ••tO.iaatiiig "^e afi«otiv« aaabar 
ot fr«« •iadtrena wbioli t«lc«a part in tha iiXaaaa oseiUaf* 
tioR was Gtt^«at«4 ligr lOAar (3.f )• Ma iaaa ia baaad on tha 
ralatiOQ batwaaa tha ¥»vmX»mimrs3t§ Hnti intamaX potantiaX 
and tHa ^mrk tmmtitm oS tha aoada* 3^a work function ia 
ganerailjr a tMiXl Jcnoan qiMntitjr and tha intamai potantial 
oan ba dataxsinad 1^ aXaetrtm intarfaroaatrio aaaauraaMnta* 
sinea tha Farmi^ anariar l& dParthor a {^motion of n« i t ia 
paa4»il»la to oailculata tlM affaotiva maan danaitjr of fraa 
alaotronat fiowav9r» no intarTaroaetrie data are yot aval* 
labia forthe rara^aarthat and tharaforot this aothod ia not 
appXioaivla in tha ps^^ant aaaa* 
Sha volttsa and miet&am pX&mm ioa^ae iaava t>a«a 
oalanlatad undar tha aaaoaption that tha avm of tha $d and 
6a aleotromi oonatituta the trmt aXeotron t^ aa in tha laataXa* 
th& th«oratl9aX and axparimantaX mnnrg^ Xooa vaXnaa ara givan 
in fat»Xa 5*2 for diraot ooapari^on* I t mif$ howaTar« ba 
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t i g . i.^>. ..yuopaia of tlie isoolxromat peaica. Xh« aiain 
peak of eaoh i^oclaro.iiat has been p lo t ted a t 
zaro mi9Tiiy exouldiag the aaoiaaly of Tb. The 
black pileu ind ica te piaaaa losiiea and the 
white oaea represent combined or mul t ip le 
lo9se8# "?" i i idicatee ui ioer ta int^ . 
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baa Aot y«t i»«ei^  fully olwrifittOt the «ff«otlvo iiitat)«r 
of el«o1 r^oiM that aay tak« part in th« plaafote osoilXations 
l0 difficult to •8tiiuit«« Kv«ii i f tb« aotttal eleaeats 
buY« i& almilar Ottt«r eI«ot»>oii eoiiflgtaration o9a£ii«tl&is 
of $8 asul 5d » i t i s •viu«iit froia t£Mi (txperimeiital OAargy 
Ions valute ti&at other eleotroiu mm% alao tak« part in 
the pXaatui o«oillatioiu»t jNr«@\isabIjr somo of tho 4f elaotsrana* 
3*3 goaaral foataroa of i^e iaoofaroaat ourvoB t 
fh* iaoohaoaat oorvos have h%&a reoordeil upto 
30 volta above the whort wave*length limit* She baoJcground 
waa aXiiOiit the sasae In a l l eaees* An (Kidasion ourrent of 
12*$ i&A «»a used during the«»e aea<3ureaerita« In fig* $*3 
there ia olear evidenoe of the existenoe of eohoea of the 
prlaary pealce* One at the distingoiahinis features of the<»e 
isochraiiata for tne rare*eiiixth eleu@£ita ia that the OhXin 
smsf^imom io much aore prenourioea aa o<»ipared to the folloviiid 
middUa* A^  a oatter of faet» i t ia after aoTeral repeated 
ohiienrationa that one aeeosiea imre of the exi^texioe of tr^ e 
followlnis i^ eakef vi^le the fir^it iaailMna i& v&ry ««11 
eatai»li3bed* Sbere ia one peouliurit^r about the iei^hrenat 
eurve of Xeri^ iui& setal* in the iaoohroaat ourvos of a l l the 
eleoenta (exoe^t !^ erOiu2a) Ohlin maxtwm. ooouTis Juot after the 
ahort w«vifl«i3^tli l i isitt D^il* ia th« Q&^9 of ferbiua 
a«t«X th«r« Qxlatt^  a 9«a«XXejr p««k (diftia.l*r tban th« ubXin 
laaxiiiiua) b«tw«aii th« Xl^it and CiHin mva.ia\m» In ordar 
to bft aur« Abdat lih« oco«ZT«iie« of tbia p^alct voltagft 
0£UKig«a in u%»pa &t X/2 volts woro aad«« A«i tliia i s 
poottJLlejr tor £erl>iaift mot&L aXo^ Ot i t iMijr iM toraed aa 
**Aii aaoauOjr ia tho isooluroi^t stroo'toaro of i'or&lum aotaX"* 
fhifi aaoaiaXy ifOttld iM diseu&ood la det^X lator* 
JdtliooigiGi plMMttOn ojcaltAtioa luui boon ooxisidorod 
a£> tho mmiA moobanism toohlad tbooo eb«nftot«x*i^tio onorgy 
lo^soot i t i» vor^ diffloult to oorvolnto al l thoso lo^soa 
avaiXablo fros; IsoaiixoffiAt to & aia^o loao tteobasd^a* 
fboir orl^ilA i s probabijr du# to * mamimr of oiMtaoa o.g. 
pX«£iAa ojcaitatloiit intoridMii4 transitions mm ionisatiott* 
i^ s^rits^ a a bottor iia£s« for %b»^m lojass tbaa would bo 
"obaraotorlatio iaoobraaat onorgy lo^soo** as they pr<idQai* 
aat« in tbs isoabrosuit stru^tiiro* 
Kowf tbsro aagr bo & maabor of wsijrs to iatorproto 
tboao o^ uirigy Xoasoa* If ons obosoa to procoo«i froa an 
as^ tnaod oiootron ooofigoration aad aoabino tbo tbeorotioal 
pXasaoB anarslos with tho airailabXo oXootron binding 
«zuirgl«« (20) of th* otmrmat ah^XI* on* obtains valuoii 
eXosMt to tlio •xporiovatal oaos* Bowcvor* snx9 Xoasos 
«e«& to a^poar ratiior aoliloa ia tbosa alemantist wkioh 
Anotdior wa t^ vtxloh la worth i^antioiiixiis h»r9t 
i s to aasuaa 4f aXsotroiia to too prosaut l a the vaXfiooa 
baad* Xa ti^ east of GaftoXlaliia 'i^im:* tarn uin&lii^ waarsy 
of tiia 4f aXaotroas la Xoa^  th« aaooM aiiarg^ Xosa at 
alMut X7«$ aV turaa out r93^ XlkaX/ to ba tha iroXuaa 
pXaaiaa Xosa, ^ r . aavaa aXaotroaa (four froa M^ ^ & 
Sy^ j^  ohaXXa) ooaatltuta tha fraa aXaotroa gaa« The firat 
peak at about 9«S a? thaa bae^ii«a a ii»ui*faoa plaaiaa. Xos^ s 
with tha TaXua r^ry oXoaa to 1/,.J3 of Oia voXuoia pXaa^ i^ a 
XOiia* th9 swmm ma^ hoXd good fojr TarbiUGi mad Jjf&prQuivux 
aa «aXXi aXtiiatti^ with Xaa^  pafobabXa raaaooa due to tha 
Xarga ttlndlag anar^aa of tim 4t aXaotxona la thaaa ittataXa. 
Butf alaaa tha aurfaoa pXa&aa Xosaoii ar# i|ttxt.« aaa^iltlva 
to tha 3U|.ar:dL olai. ooodltloao of tha ti&rgat« aame dlff* 
araaoa la to ba oxpaota4. la aa(il«.lont <llffa7«iaoa«» la 
gaaaraX oaa ba aooauatad for oa t&a b(Mla of dlaparsloa 
thaor^ (7)* Oils Xattar axi^ X^oiatloa aaada furtLar lavastl-
gatloa froai tha polat of vlaw of l^ohroaat atualaa* 
Sraatmaat of tha Xosa vaXoois la Idiilja wa,jr raqulraa jP9giad.ar 
appaaraooa of tha paaka la a mor9 proaouaoad way^  whloh la 
now a v«r^ ' ««XI vetabll^ i^littd obattrvatloii (21)* I t mtgrt 
how«ir«r» be polatad out liere that ona can not aLwaya 
GKpect the sa^e iosisea to a^ pradoolnant in alX the 
elementa* Evmi If i t ia aa«iUi&ed that a i l the 4t eieotrim^ 
aara not i>re»«nt in the free eieetroa gaa in the rara^^earths 
i t ia evident ^tiat oontriimtiona from the 4f hand oan not 
be negXeeted ooapletely* 
In fig* $•? tile f i rs t x>«^ ^^ Terbitiai, the so« 
oalied "AnOBaly** has been oaitted. Xt eeeise irer^ unXikaXy 
that the broad aain peaic in thie aietaX tw>aXd be due to a 
Xoaa ahewing up nitfa an intansiti' i^ieh i s douoXa that of 
the prinary poak* She poaitloa of the third peak ia the 
Qaae of l^ niXitM ia aXso not quite oertain beoauae the Xoee 
laj^ paara aere Xilce a pXateau than Xike a peak* Ttm unoer* 
tainty of thia peak i e indioated by *?* in the Ifig* 3*$« 
QUI ahoire interi^retatioa of the iaoohrcttat Xoaaes 
i s 4Vta% a ^oaXitative attempt to expXain the iaoohrenat 
struoture in ^ e Xight of the ourrent theories** It doec 
aot» however» tieea proU table to pursue the diaouaaion 
further luitiX Hioro inforaation ia availabXe about the rare* 
eartha* 
' * * aw^HW^PMiX-_A»..,. vi*<r Awmftyvwai'. <ifcrwcw^*re %% ^erpxuHi 
BergwaXX (22) haa made an atte^ipt to expXain the 
teat y aad the s^boolttt* h o i ^ t ot Ui« fir^t paibit ia tti« 
LHioiburoauit oi&rv«8 ot r«r*»tarth ^Xeatata* Shin !« wAuftt 
siiouid b« txp«9t»d i»«e«ua« both tiim— ^jpuuitltls^t »» la 
««ii knomk art proj^rtidaoal to tb« d^s i ty ^t th« 9t«t«@ 
il(«) (2^)* A eoatttttat MM i« cxj^Mtod for tlio»o liloatata oa 
aeoowit of tho oaEtOJnua, oXootrcialo ooj^figorationo (givoa 
la fM»Xo 9.1) wauA booaiiao iklaoat aU tlio oltt&onto inyo^tl* 
dat«4 iiavo hexa^iud olo«o«paolc«(l oz^otal lattioo ifith 
Xattloo oon^taiito wlilch vary witblii 4|i^  (24) of oaoh 
ot£ior« Yttorbliia Is a& oxooi tlon IUKTO wialob baa faco« 
ooi i t i^ eable Xattlao* Bat Ittor¥lum dooa not @h<m aojr 
apooiaX bO&avlOF In Its loooiiroaat curve, vhXQh Tmchivsi. 
iKioacpootooXjT doosf aa eoa l>o soon from I'l^ foroa 5«? and 5*4« 
Aa Is woXX iQuowa JBany of tha pzopartle® of a 
siataX airo rolatod to tha Faml dlstrl£>tttlon of ceaaaotlon 
aLaotron^t tha aaoaal/ of farbiisa aataX jmut ladloata 
that a rigid band aodaX la not appXloabXa to this rara* 
aartb aXasant* X isiodlflc&tlon of tha «l«otronlo onargjr 
di^trl^t lon aaar tba Jfazvl-XaraX ^oaXd Xoad to o&sarvaoXa 
affaota In lioma of tba ph;3raloai propearUaa inoludin. apaol* 
f lo boat (25) at Xow taaporaturaa* Mt Xo« taaparaturo 
iMMartt&«at» of tlM paraaa s^iMiUo muio«ptibiliV ot 
Tmtblim (26} 4o not r«T«aX any <&lff«r«ao« b«t«*eA i t f 
gaioUaim oad ISgrtprosiwii. flMM dlff«r«ac«0 m 
•xp«ot«d b«o«M« PiMli ooatJEtlmtioa to tli« soffOtptHoiXlty 
*l.s»o r«fX««t» th» 4ftiialt|r of otatoa* A sXlgl^ t. ma&mmly 
l«t bo«oiror» fooml «t $70 i^Lt wluioo origin i s not /o t 
uiKloz«too4« Doparluro from tho Von Yloolc theory )!•• 
•loo k»o«i aotiood ot l i i j i tOiii>«rotuuroo for ttoao #loeient«* 
Tbooo diooropaaoieo havo boon ottritoutod to iatorootion 
botwoon eoa4»etioa oloetrooo maA tb« iftagaotie iono* Soao* 
tiAOO tbo diaeroporioy orisot diia to iajporitgr in tlio ooapio 
tout IMo oopoet of pixritr io aot roXsvont bore on tiio 
oaaploo doiiTorod woro opeotroooopiooXljr pturo* 
^^ 10 origin of tlio mymmk^ in ttio iooobromat of 
forblmi iiii^t h9 duo to tho intomtinftio oxobango Nttwoon 
tiio 4f &aA io$A olootroas* Aoeording to roforonooo (23*26} 
tlio 4f oioetioao oro 0oroon<id bjr tiio oioood 6o54 lioBdo moA 
aitnatod about 1« oY bolow tbo bottom of tlioao bands* 
Jhunii«r»8iaeo tboy aro looaXiaod in a narrow band with a 
b i ^ donoitar of atatost tbo 4f band shows a ironowaood 
atmoturo ooaparod with tho onorgjr Xovola in a froo atom* 
As a oonso< t^tonoo of tbia pmsetX^ fiXXod X&w^lyin^ ban4« a 
ooapXiontod b^mvior dopoodiag upon tho pioportioo of tho 
4f ea«otroiia Ottu if exp«ot«d» i t a^mmaf tci«r«foret quit* 
r«a«oa«iat to aaaiip thio an^Mly to tiit rosult of r««rr* 
aciK«tt«tit of d or 9 3ub<*b«iida» vhieh olgbt «oll ooeur <iu« 
to Intorootlon witti tlio 4f oJLeotroiio. 
tliio Is 4uat « qttoLltativo diaouooloa* Bat, m% 
tbl« «tago aotblag bottor o^oma to )>o pooaiblo. 
B, gjjorootoriotio onoggy Xo^ o^— of oXootroao in e«Mi 
othor —taXa ineliidiiig aoblo igMit&la» 
AM pointoA oat oarlior tbo eiuuraotoridtio oziorgy 
Xosooo of roro*o«rths ropertod in aootion A havo not boon 
dotenaiaod bofert« At tlio smm t lao tiw aeenrMsr of ^lo 
iaoohroast aotliod to dotoiwUio tho oaaroetoriotio ooorgy 
loasoe of olootroiis io not woXl isoQwu^ !^ioroforo« i t woo 
tbought dosirabXo to iitvootli^to ao^o sotalo by iaooliroaot 
aothod i^ioao IOM vaLuoo h«w already boon foimd by ooa> 
•ontlOiutX ttothoda* Sbo ootaX® oboaon vara Oepp«r» oalaniii;^* 
SlXvort SaataliBiit P lat ina and Q^lA* Thmj^ axoopt fatitaloi^t 
waro mXX auppllad by Johasoiit Mattbay & Oo«, i<td«i loodoa 
mA WT9 of afaotroaoopieally poro (quality* 2»M parity of 
tbo oataiii vaa toatau by ELeotroa^diffraotioa taobaiqao 
(oaiag alaotraa ttioroaeopa <md a aioroi^otosatar)* Soi^ o of 
^ ^ ^ 
S2 O CN^ 
f ^ CM CM,— 
i i : l - £ l f * •'^^'^'^roa d i f l ' rac t ion 
Pat terns mad photOiiieter reoor*-
( c o f i t d . . , ) 
contd 
^le4*roii d i i f i - a c t i o n p a t t e r n s 
& piioto^ueter recordirie,o of Aa 
& F t . 
W^&M^^^ 
th« dtllfraotloa pfttttxua along with thAir ptiotOA t^^ r 
r«eovdliig« artt ahown in Fig* $•€• flM a«tal3« «xo«pt 
$iiitft3Lmf «•£« «Tii'Oxmt«d mito a oof par oyIi»dar in 
••l^Hlratioa •aflima tMxmum to &t% thin fHas* BataiXa 
of arai^eratloii are givan ia $ai)Xa $•$• Saatalaa iao* 
oturaaat «aa xvaavdad using an ana^ a eonaiating of a 
«aaXl i ^ t a 0»IL aa tlkiok ii^oli waa aaoliaaicaXJ^ fasi^aad 
oa tba aeli4 ooppar e/lindar. 
SlM aaaauraaanta iMkTa )MI«II aa^a alaoat uadar 
tlia aaaa ooadiUona aa for Laatiianidait* fha raoordinga 
liava Itaaa axtandod to roofi^ nljr about 4$ rolta tvom tha 
^lart «ara»langtli Xiait* Aa aaiaalon ourrant of X5 aA 
aaa uaad* Four to six similar ruaa of aaob i^^broaat 
w»if9 taican aod thmi tiaa aaan oiurva waa plottad* fha 
iaooiuoaat ourvaa of i^Mf Coppar* an«t Jalaoiua ara jput 
toga-lliar in Fig* $*7 and tlio&a of fantalaait PXatimim 
and SiXvar ara praaantad in Fi^ « 5* 9* ^m Io«»a vaXuaa 
whloh liava baan takan ma tba mmrss^ diffaranoa of tlM 
diffaraat siiniaa froa tlia dliort «a;va»X«i£tik Xiait of an 
ioootunHiat ar« ax&saarioad in fabXaa 9*4 and $*||« IB^Kra 
P and h stand for yXaaaa and Xoaarad plasma araapaotivaXj 
whloii aaaa to ba tha po^ai 4a maobanimw raapon i^bXa for 
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FX&* !^«8. Isoohroaat ourveii of Sat ^t Hi 4^* 
rhe atatistioai error murimA app* 
live to i:a. 
tli« loatt«« Vmy fiur« ataooi&t«4 wXik* lost of %^9 Qth»r 
l033«8 ar« liit«rpr«t«d MI oaaeisad or aultiplo loasoa. 
A0 eaa h<§ ooon froia tho Tablo aoao of tlio Xooaos arc 
not siiiglo valuod* fliio liap|»«2i« trtioii tho mliui^ im io 
not Tor^  voll dofinod. asaoFsIljr tho Xoaiioa are o^taiiuid 
•itiiar «• diffox^uooa of ttio aiiaiaa fi'oa tho laiert wavt* 
lonirt^ Xialt or ao tbo difforoooos of th9 foXXowini; 
wmMXmtk from tiio Q^i& mMXixasmt la foett tbo two vmlnoo 
flttot Ni tiM mms* Bta,t «iuiiib a eortaiu maXkaEom or oiJiiBUi^  
ia aot wall dafiitad tiia two valuoa dlffor and i t becomes 
difflooXt to daoida wiiioii eoa i» oorraot* In auoii oasaa 
botli vaXttoa aro aliown la tita fabXa« ^lo !^T9t9X*iiQ% iat 
bowrmrp Juidioatad in the iatarpratatioii of tha raoult«« 
tha gaidlng faotor baia^ ttia a^praaaant of tiiia vaiua with 
ttoaa of etnair worlcara mud Ito wai^ta^a wblch ia datar-
alaad bjr tlta iataxi^ratatlon* fha oharactaristic •u^r.^y 
loaaaa of tha matala iavaatigatad ara oom$N8urad with iaio@a 
d&M to othar woxsltara ia t&oXa $•$« A #ood gouoraX agraa-
siaitt ia avidaat for aXX tha aXaaaata* liaavio^ aaicia tha 
diffaraaoaa not duo to itaaa i^rwaant taotmifuat thara ia no 
ateior»«Xitijr ia tita raauXta whioh oaa p«it tita isocliroaat 
aatbed ia aa iafarior oatasory of aaaauraiaaat taobaiqiiaa* 
I t ia iatara^tiaif to aeta that for avary aataX aXaoat aXX 
•aXiiaa agraa fairXjr waXX with ooa or tha othor Xoaa vaXaas 
raporWd aarXiar* 
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liKVtBtl^t*d« She &±x Xo9s T&Iu«« obtidned h«r«« «re $« 
89 aj# 2.9*4Klf 91 MsA 40 eV* 1!li» 1.000 ralvM of $ oV 10 
ebtaiiMd by tattiag 1^ 10 4iff0r0ao0 of ootrgy b0ti»o«a tho 
F0mi*X0T0X tuid tin OhXia MaatiBaia* flio Xooa of 3 0? I0 
oisilarXjr tbo 4ifforonoo of mmwfff h^tw—xi %bM f irot t«e 
•aKin,»> Th9 rmmiMiRg Ioo®00, oxoojpt fourthf rofor to 
tli0 ouoiior 4i0i^X«o0aeat0 of the aiaiuft f^ roai tho l ia i t* 
SI10 fourth IO00 Izidioatoo tuo poasibXo TaXuoot ono of 
X9 mA tbm ottior of 20 oV* Ths mMaf& dlfforenoo botwooa 
tlio 0oe«id nlniwiii ond t^io Xiait i;iY00 an enor^ y^  Xona of 
X9 of nboreaa tiio ropotitton of pealeo ooeuro at m, 
mmtgf lattnraX of 20 oVt giirljag 1 ^ aooooA vaXua of tho 
Xoaa* Boro tlio aoeond iraXuo of 20 oV 0001110 to )»o aoxo 
pjrobatoXo aa i t ooowra taioa la tho iaooiiroaat ourvo and 
f ita aooh bottor with ti.o TaXtao <f X9«9 J^  0*2 oV, roportod 
Oy l*oiioXX (27 )• A Xooa around 9 oY roporkod bjr 00210 
«oi4Kor0 (shoan to. SabXo) oouXd not bo obtained hava* Aooo<» 
vdiag to Po«oXX a oXiilit n^urf aoa exidatioa oaoaaa tha 
diaai>i>oaraa0a of 7.2 aV XO00 (irtiioh oonroapoado to 8 oV 
i a tha yvoaoat oaoo) ond tho appaaraaoa of 5*7 s, 0*4 aV 
Xoavt Bat aa tha Ooppar tavfot «aa laioxidiaad (aa ia oviaont 
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trim phetottetcr srcoording) neither %im di«app«ara9:iG0 
of 8 •¥ loaa nar Xh9 tk^yvemio* Qi a Xos^ at attout ? aV 
i s exi»«otad« furtkiart tiut eoargy l9am& 9t 49 aad 60 aV 
oottXd aot ba fowid \MTm wuiali »ar« raportaA bjr mam mwtkmvm 
toaoaoaa th« laaolixoaat was ra&ordack oal^ u,pte 45 valta 
atoava tlia a^irt «ava*Jiai>£tli iiiait* 
SiM f i r s t loaa of $ aV i s pessibiy &ua to 
intarbaQd teansxtioii* tlia saoond of 8 aV dua to iowarad 
flasaia lossp tlia tliird a oembination X9n& of f i rs t aod 
evoaad and foiurtli a plaaaa loaa* Sioilarljrt tiie f ifth 
Xaaa aiyr ba idax^tifiad as ooatoloatioii 3.oas of third and 
foartli and tha laat of 40 aV as doubXa pXaasia l e s s . 
uix anargjr lossas aara fottiui for tha aXaaant 
aitliiii tha raaga iavestiiiatad* fliair valvua ar« 6# X?-X4t 
X9f 260 54 sod 45 oV. Tlia f i r s t loss of 6 aV ooold aa 
l>a dua to an intarbsad traaaitiea* fha situation with 
tha aaooad Bxmxg^ lo«is of X5*14 aV i s the sasia as with 
19 * 20 aV loss of Oopi^ ar. Froa tiia oonsidaratioas of 
ainiaa i t s valua turns out to ba 15 sV i^ hiXa tlia snargjr 
diffaranoa of 8M»iiaa givas i t to ba 14 sV. ka in tha oasa 
of oof^art 14 aV losa aaa&is to oa laore raliabla* k oojnras* 
pomiing loss of 14*8 aV ha# oasn raportaa ojr lutbina (10)* 
Ivma ia bl» Jtt««9ur*isi«ata this loas vtui not al«arJLjf 
d^ jCiBAd t •ap*oiAily *t t£i« Mgh«r prisMrjf •lootaroa •A^ r^ isr* 
^Qiia le«s i s i€l«atified • • Xower«d pX*8£ia lose moA tti« 
tliixd ioas of 19 cY as pi«oii« lQ&»» th» j^Xmm^ lo&a TaXu@ 
Ag^oa vory voIX witii ttiat of ltol»lu« (10) and B«x'gw«Xi 
(1$)» f)it •aluio roportoa )>$ frio^aaun (10) la a bit l i l^ar 
«l&lla tHa tiMioxwtlaal plaaoa loas todma out to ba Id 9V 
appyexloatal^y i^ iaft 6 Yalanisa alaotrona aira ooo^idorad In 
tlia oalottlatlon* 
l^am fourth and f i f th loaaaa say l>a oonsldarad 
aa oomlolnacL lo i^nao of flr^t and tha thli^ ieesA aaoond and 
third ra^paotlvaljr* Xha laat loaa of 49 aV 1« laaa oartaln 
and Ita origin s t i l l ranalna to ha axplalnau. Iiiataad of 
45 aVf iiotolns ootalnad an •ntrgy loaa of 37*7 aV ahleh 
majf ha Idantlflad aa dovU»la jplaa<aa loaa* Sooh a variation 
of mamesy loaa for i:»alaniiui la not mry <itranga baoauuia i t 
ohaagaa froa oam allotropio aodlfiuation to auothar w i ^ 
ordinary ohaogo of t«ai»aratara whlah oaualX^ oooitre uadar 
alaotron hoabardiiiant» aapaolalljr af tar a long ajcpoaura* 
(ill) ms& 
SllTor llha ooppar has haan widalj studied* Six 
loaaaa ox' 4* d» 12» 17t 21 and 25 aV hava haan obtainad 
within 30 Tolta froa tha liialt. fhara is aoma Jiallarity 
hatwaan tiia laoohrwaata of Silvar and aold A>a ia axpaotod, 
bolii l>«ia«^  aolxlt »«tals« ^«r« api^^ars to ^ ^ood gtoora}. 
«^r««iMnt b«t«r««ii tli« pr«@«iit Xooa T«lu«a and th03« reported 
by otlMtrs* ka Hobias (as) polntod out i»08io istoxfcors wore 
aot mbl9 to ro^olvo tho i7 and 29 oV I01100&. Bint tlioso 
Xoaooa aro wolX TO&OXTOA In tho pxvoont work* furthar* 
two nddltiona}. loiiaoa havo boon ootainad v^ iich frore laot 
roportod oToa l}y Bobins. One la at X2 07 and the other 
la at 2X eV« dau-yie baat however« obtained an mn^rgs 
loaa of 14* 9 e? whioh may eorreapoiida to the proiant •aXue 
of IM e? Xoaa* It ia strange to note Idiat he was riot ai^ le 
to reaoXire 17 *^ Xoae aodt thereforot it la «^£»t posalbXe 
that hie 14* > e? loaa mBjf he an erronoua value of the 17 
eV Xoaa* itiXI the differeaoe in. the latter oaae la «ioh 
larger ae eeapared to thut In the former 0£i«e« la foot 
thla aeeaa further olarlficatloa aa X4*> eV Xoas itaelf 
has heea obtaiaad eoly &j one out of alxtaea worker* Aa»» 
ther* aXi^tljr X999 oontroveralalt Xoee ia at 21 eV« fhia 
aajr oorreapond to a Xeaa of about 22 e? reported by a large 
wuber of workers* Butt agaia aXX of thea exoept Qauthe 
(28) have ai^sed the 2$ eV loaa aad» thereforeg aa before 
thla loaa of 22 eV aay be ttJuea ae aa erroaoua value of 
29 eV loaa* dut thi^ iafereooe ataada caaceXlad due to the 
ebservatioa of Crauthe alio o&taiaed both values of 22*1 
aad 26 e? oeparatelyt like tl^ e preaeat valuea of 21 aad 2$ 
eV re«ipeotlyeIy* 
k eoopArlsoa ot Xoaa 8p€«tr« o£ ollv«r with tiioa« 
oiT traasltiwn ««tai« rmp9r%m4, in th« pr«vloua oUaptcr 
vtmX4. ImaA to Vam iat«rprttatioii that th« 25 eV loss 1« 
du« to |»Ia«Aa. oaroitation* Baood ea aiailar condideratioao^ 
tho d o7 loos oooXd bo idootiflod oa loworod pla^aa Xosa* 
Ao in tho oaoo of Ooppor and aoloniiiei* tho 4 oV loso mojr 
bo 4tto to latorlmjad traaaitlono* fbo tkir^ and J l^ftti 
loaooa aoy bo intorprotod as ooabiAod loaaoa of flrat and 
ooooad md firot and fourtJEi roopeotivol^, 
faataloii i s tko Xoaat studiod out of aXX tho 
eloaontit rspOJTtod lioro* tbo ooa^ ooXjr usod rofXootion 
tooimlfiii hma not t}0«a appliod to dotoroioo tho uliarao«» 
torlst io onor^ loaaos of tiiia laotal. Sbio ia prol )*^ 
dtto to tbo diiflouXtj of gottiiEig a vor/ thin iiXm tvhioh is 
so dooattso or i ta TOZ^ high aeltiiig pttint* In tho proaont 
WQM fivo Xoas valuoa of XX» X9 « 2X» |4t 44» a»d 92 oV 
havo boon found* fho f irat Xoao vaXuo of XX oY i s tho 
SOMO as inforrod i»y CXaos and OXasr (29) a»d ^aadatros 
(X» fzott thoir ato^ioa of tho ftno ^tnaoturo near tho 
«}hort «ayo<»Xeii£^ Xialt of the oontJLnuoua X*ra^ aieotrua. 
!I?ho «i90ooad Xo88 of X9 «» 2X oV hao again two vaX»se m in 
tho oiiMio of Gopfoac oud SoXonlim with oxaatX r^ a aimiXar 
•JcpIiiyaatieA* f^ later vali3^ « la aor« r«Xiai>X« auiA 
•^pr««s rmr^ ««Xl wltb tii« va^a«« r«i»ort«di 1^  ia.«iii (30) 
aad SaMatrcHi* Mt Vut oorr««$oiidiaf irmlu* e&taiJtied by 
QXmiM «od UQjitJr i« a bit iiigtier.Stia ttitoraiioal |>lai»aa 
Xos8 for SaataXtM (ooasidtriag $ rmL^uQm eXsotrona ia 
ti^ e eaXoulatlon) turns out to h9 aiteut 20 •¥ witiolk i s 
• ammi rmlvm of tlio two Taluoo temid lioro. fii« o^ooncl 
Xoso of 19*20 oV isf thoroforo» iaont^ifiod as plama 
loss azui tlio f i r s t on* of 12, oY as Xoworod plasaa loss . 
Tf rmminUx^ throo loiiaoa ar« not aoeoaaarily 
ftmcaottiital lo«a«a* TiM ttilrA azid tha fouryi losaas 
£aa^  !»• c#naldaiPoil as tbra««fold and foiar«»feld lowarad 
plasaa loasas* Similarljr t3m Imst mmrgy leas at 92 aV 
oan }m idantlfiad aa a omil>iii«d loss dua to f i r s t manrgy 
losa and doubla plasoa loaa* 
( T ) i f l l t i i l l f fMI t 
Six loas iraiuaa of «*2, 12i 21* 26» 54 and 42 
•Y Hava ba«n obtaixiad for Platllnn Matal. fhasa vaiuaa» 
axoopt tina firatt a^raa f a i r l j woU > i^tli tlM aaaauraaents 
of i lbart ( i i ) «Aio hem iavaatigatad tiia iaoohxoaat of 
flatimaa aoar tlia sliort «ava»laa^tb U a i t of eoAtintioua 
X'Wi'aj apaotrua* in^mm rmlvm rmry olosia to f i r s t tmv )»aea 
rofortad ^ i.'omillt iaain* and liadbarg (27 )• Stiio loss 
la £»Oiiit prooabl^ r dua to IxitarlNaiad transition* The oaooad 
loaa ai 12 •¥ hma a«v«r o««n r9port«4 befor* tout ixm^ 
tead loaa valuaa of 13 9^» i4«3 :& 0*9 aVy 14 aV aiad 
Xd«$ atr h&ra l>aen obtained (27)* fhli^ &hovs tbat i f 12 
a7 ia a low lose Yalu«» ld«$ aV i s too hi^h a vaXua* ffeiara 
aaaiaa to ba aOM loo^ at s^ut 14 af• fhe tidlrd loss of 
21 a? apj^arci to ba a plaaaaloss baoauna i t s toaoratioai 
TaliuK (ooiiijidariaig 4 Talaaca aleotrona la tlia oaXoulation) 
turxia out to ba about 20 aV« i f tliia iutarpratatioa ia 
oorraotf tba aaoond loaa of 12 aV aa^ r ba idei^tifiad aa tha 
lo«ara4 plaaaa loaa and th® loaa vaXua of 24*4 aV givan ia 
tba tabla (dua to Poiiall) smat ba oouaidarad an too hi£^« 
fba raaaiaiag tkiraa loaaoa wcft again treatad 
aa ooAbiaad loaaaag a*£« t&a fourth loas a ooabiaation 
of the f irs t atid tba third and tha f i f th a acK&biniition 
of pliMna W2d lowarad plaaaa loaaaa. Xha las t loaa of 42 
a? ia axaetljr twioa tha plaastm loas Talua aad^ tbarafora* 
oan ba idantifiad aa a dombla plaaaa loaa* 
(vi) gsJ4 I 
Sha aharactariatio aaargy loaaaa of Gold hava 
baan imraatiaiatad by a tioebar of worlcara aa can ba aaan 
ia tha 7abla* Jlva loaa valuaa hava baan fbund ia tha 
praaant work within tha ran^a iavaati^atad* fha first 
loaa of $ aV ia <3iU.ta oloaa to thoaa raportad b/ Martan 
«t al« ioad «luIX (26> but i t l i e * oa tli« lower aid* of 
tlie corr«»iOBdl«^ val\i»« ©tetsilntd to^ other /oricors* fh« 
sooond « n e r ^ lo@a «^edn has tv#o valuAa aa in the oas* 
of Copiver» Selenium axid Tsbatalua t^mi hMB quite ©i£4.1ar 
oxplfetiatioat I t i s i i n i^e to I3ie present aeasiir^ ffis^eata 
onljT that th i s loaa Tariea iTrom 16 to 13 eV heosuae the 
oorreeiHmdix)^ vetluea reported by other woxi:er& riui^e from 
14*4 to 19.7 oV* !l&io 1030 eeems to be hi^ihly aeioaitiv* 
to the pliyisioftl oosxiitioxie of the material a t the iXim 
e£ am&awcmkQiitB* Eobina* who obtaimtd i t s value as 16 
eY was not able to i d e a t i ^ i t . 
The third loea of 26 eV I9 in oX j^se agrsesieBt 
vsith the T&lues reported by lobinii l .e* 29«3 eV ima 
iiadberg*a 25*9 o^« Bobine him ideiitifiod i t as a plaama 
loee while Albert (xi) aalXad hie 15 oV loea a« being due 
to plasiaa* Th@oretl;:aIl^i i f 11 valenoe el^iotrona are taken 
into oaloalationt the plaa»a loee turaa out to be about 
50 eVf a value oloaa to that due to Eooina* Oa tiie other 
hand* i f only thrae eleotrone are oonaidered a^ free* the 
laae tuma out to be about 15 aV* a valiai oios* to tiiat 
reported by Albert* I t i a rea l ly quite d i f f icul t in thie 
aaite to deolda aoourately aa to bow maziy eleotrons are 
aotualiy j^urtioipatin^;;* Mo«aver« if the loss value of 26 
•V 1« aoots^ lMid Aft a pXMium JLoas thtt svoood idi^ si Q£ 
«a« Mil IntMrtMuui tvanaltloa Xoum* 
¥li« fourth X«8« of M aV i s •xaetli' what 
Aat«iia)M» haft rftportftd i t to )»•• ^ I s loafl i» Intftr* 
i^rttdd aft a ooablnatiaa af pXaaaa mad Xoaarad plaasia la* 
9aa3* Th* las t Xoaift at 41 t? i s Ises «3ft2rtaia« fiit 
olofttftt Talaa out of a l l tht valuaa zapartad for thio 
loaa la 42*7 aV. Faresa th« &hov9 disomaaion i t i s eXaar 
that thia Xoas oacuiot ba a fttmUyauAtaX Xoso* At %h9 
ftaoft tiaa %^u ooea not f i t ovwa as a ccHft|}i/io.tiOB of 
two or m»rm fmi&rgjf los^eft* 'i;lifttr«for« the origin; of 
thia Xosa rastiaina to ba iuantifiod* 
5«XX gaioXijff|o|:y t 
flm G.i:..iirs«tftri4tic oXeotroii en»Ti^ Xass e^ectra 
of two $^xoii|>a of «Xoa«iit£i hwm IMBOH atmtisd usisic isooh* 
roimt method* the pximmr;j^ aXeotr(m eoorgsr was about $400 
a¥» fhm f i r s t &s>up ot •la.iiojata h&ra not boon iaveotigatad 
bai^ ora whiXe tha aaoond gro«i|i oonaistft of auoh metalo whioh 
imva aXreaO^ baati atoulod u^in£ reflaotion taoh^dcfua* A 
aataoXa faature of the oxporimontaX stuaioa of charaotar* 
i s t i a eamrgy XoRaas of eXootroiis Xn tha paat haa been tho 
X«ok of 9tff^wm&-At oatwaaa the saaulta obtaiaoa by difforaat 
worinrs «i»l in «om« oaa* by tli« amam m9Xk»r at aifftv«iit 
tia««» 4Xth<msli tl&« oxlglii of tbtta* dl^r«p«aoi«8 1» aet 
fully itiidi«r«tatidt tlMjr ar* g«i&«rall/ eoii8id«x«d to b« asso* 
olatad with tiM difforaat aj^aaratoa and taoimiqaits aiid tha 
ankoaim dtiprta of ^vurfao* and iralmsia omita-s^iiiatiaa i^ Lleti 
aay ooo^r doarlag tt^ a prai«ratloa and boat^ ardiMi^ t ot tiat 
targatt •••& "tiaa ^ e matarlal i s i^ o^ a^ to start aitb* 
la ardax to avar MMMI tM.9 |uroi»i)Ba a miffilwr of 
attaiapta iiaa \i9mk mada* a*g« ii^xidvaaasita ia the to<iiiiiq:a«9f 
a isara aaiafol aaa«»uraa»nta aaud tavtiag af the oatariaX to 
ba iavaatlgatad at variotui stagaa* fliia ium alao ra^ u^Xtad 
in iaprovaia«at of tim altuation la tk» »aii.ao tisuit ^ a t now 
3.o««e9 wtioh vara Bot roaolTad aarXiar hava i^ aan foimd to ba 
rasolvad m>m» s t i l l * tha aituation i@ far from baisoy; eoap* 
lataly oatisfaotoxy* JU j^iatad out in tba praviouo ehaptar* 
o^tdios of CHaia utru^tura aaar tbo aiiort wava^Xaagth Xiait 
ox oantiaaatta X^ray apaotzua offar on aXtarnativa aotbod to 
invaotigata tlio obaraotariatlo axM^ rgy Xoa^oo of aXeotrena 
uolnf i^iooliroaat matj^ uid* Mas valiMo of msm of tba Loatli* 
anidoa iiava •^ aan obtaizied witb tte Imlp of tMu aatliod* But 
aa taoaa ara t .a flrtit aoaamrasaanta aa rara«»aartiiat i t io not 
poaaiOXa to liava a oeaparitton and ^noa to dioouaa tbt raXa* 
tiTO aarit of tMa aothod* la ordor to Imva an idaa of i t s 
lOMi vuliM* ar* 0(msi4«v«d to IM Jmoiaat with rott^ onabaor 
gooA aooiuraojrf WMI ijxrootigatod* A ^oo4 |£«i3«rftl a«r«o«iiiit 
l»«ti»««ii t^o t«o a«t£> of Xooo VBlvam (<»• roportod oftriior 
aa& tNi othor sot of vaXuoii fouiiA no*) rtvoalo tliat tho 
ioootix*«Mt aotlio4 oan bo oafoly it8o4 oo o o<mpXo^ o^AtA]rar 
!30tlMi4 fOT tho mtmmatmmat of otiorootoriotlo miMtt0 loaooo 
of oleotroasi* I t B9S§ lietiotor« oo aotod boro ttiftt i t onXy 
offoro aa oltorafttivo %othod «Moh yioldo good rodiU.t@ 
wbon 4uo proottutiono uro obeonrod bat i t oomiot bo rogordod 
ft ooaploto oolmtion of tlio probloa «• i a 8<Hao oa i^oo i t dooa 
not givo a aniftio imXvm of tiio ].ooo* 
flM otuupaotoristio oaor^ looaoe foond horo haTo 
boo& latorprotod ao arising from t^ uroo pviaoipal t^poo of 
],eao aooiuuiloa* Bioao aoofiwoii^ aa aro osoitation of plaoaa 
oooiUatioiitfy ioaisation aod iiitorbaad tranaitioiio* Otiior 
loco valnoo atot oovorod abovo avo idootifiod aa maltiplo or 
e«&bi]mtioa of ftmdaii^ntai Ioo@oo« 'Sim oxaitatioa of plaaaa 
oaoillatioaa was fenad to bo doaioont in a noaibor of easoa* 
Whoro a pXaoaa Xo^ a was oXoarly dofijaodf a Xoworod pXaftsa 
loaa eottld g^rai l jr aXao bo obsorvod* m i s loast aa Hiteho 
(31) prodiotodf i^poar at^^^ //T or at i^«- /JT dopoik-
difig upoft ifiiiothor tlio opooiaon ia ropro^^^tod as a pXano 
par«Xl«l<»sl4ttd Slim or as tMiiii«£ m«d« up of aptacirioal grftijas* 
In som« oaMs tli«r« i^^eara to b« I«rg« d«viatloii 1»«t«««& 
th« tli«oi*otie«l piaoaa Xoas iraXu* aoA th« •3cp«rlii«iita]l 
«ei0 4«t«zni2i«d hmvm Ba.t thi» i s net soma Ytai^ ut 0{3»«rvatlon 
b«oaiis« plaasMk osoiXIatioa thaory t^ tlum^ vidalj aooapteAt 
hAs b««a fofk.i4 to bo far from eatiisfaetory la aomt oaaoa (6)« 
Xhl3 dovtation ai^t ^o«air«r» bo attrit^utod to tho l^ liioLin«i 
onorglos of tlM iraloooo aocl ooro olootxofiui roXativo to*^* • 
i;Ma ooaal^ovmtioa inprovoi tlio alto&tioa aa uai^  bo soon 
i a oa^o of raroMiartiio* Sbo sitoation lioooaoo confuaiag 
ovoa iB tiboao oaooo ifiAioro i t lo difficult to aoortaia tbo 
tiio aotual aualKir of olootroaa taicla4j^  p«rl ia tho piaoaa 
oooillatioa* 
foarthor aoaauroaoata of oi araotoriatio e»or£r 
X0iim9O of olootroaa by iaoobroiu&t aotlio<l are doairablo to 
Oi»ta01ish tho poaitioa of taio aotnod, fbia will alao bolp 
ia uooidiag tbo aotual auabor of olootroaa taicia^ >art ia 
pXaaaa oooiXlatioao* oaco tao plaoaa oooillation tboory mnA 
i t s liaitatiorio &ro »oll oatai^listiod* 
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A B .> T .i A 0 T 
The tnes i s describes "A atudy of Uhlin struott ire 
near the tiiiort wave-leii^tii l i a i t of tue continuous X-ray 
^j.eotrxm*' Dy isoohromat method, i t cons i s t s oi* f ive 
cha i t e r a . The F i r a t Chapter e n t i t l e d "Introdactiou** 
dedcribes the work already done auid pointa out the ueo-
e^ j i ty oi the work i*eported here . 
i n the v/econd Jhapter e i i t i t l ea "Theoretical consi-
derat ioi is" arx attempt has oeen made to describe in b«ief 
the various theor ies atid concepts which are u^efol to 
unaeratand the aubject . i t maisoiy deala with Lindhard ' j 
explaiiation, i i i jboer ' s theory, Kayeisi's theory of ahort 
wave-lexi^th lii:;.it, hublow's theory, char i iCter is t ic exiergy 
l03.jes and plaama osc i l i a t io . i theory,absorpt ion ijpectra 
ana baxid s t -uc tu re oi so l i au . 
The Thii'd Chapter on iroeeuure and Equip.uen;, desc-
r ibe a the pr i i ic iple ai^ d construct ion of the Johnn type bent-
cry a t a l vacuum opectroaeter which was used i n tue present 
inveotigjation. The lueaaureu-encd were aade a t aboat 5.4 kV 
axid the reference wave-leixgth was 2285 x .u . (GriioCi). vVater-
cooled tar,_,etu wliich were evaporated onto copper cyli^iders 
e i t h e r outaiue o r^ ias iae the s.ectroxaeter were used. In 
a number of cases the aa te r i a l i i were teated for podijible 
conta dna t ion oy uaing e lec t ron d i f f rac t ion techniqiie. 
In the Fourth Chapter reaiilts of measureiuents of Ohlin-
structure of some transition elements including 5c, Ti, V, Gr 
(from 5d-group) and I,2r, Nb, Mo (from 4d-group) have been 
presented. It is found that a "foot-structure" near the short 
wave-length limit exists in the isochromat curves of the 
elements belonging to the 5d-group but it is missing in the 
curves of the 4d-group. This has been attributed to the diffe-
rence Aevel density in the conduction band of the two groups. 
It is f\irther found that the first two peaks in the isochromat 
curves of all the elements investigated reappear after equal 
intervals of energy. This interval of energy is found to be 
in good agreement with the characteristic energy loss values 
of electrons as obtained by plasma oscillation theory, assuming 
all d and s electrons to be free. In order to explain the shape 
of the isochromats, a comparison has been made with the L-
absorption curves available. This study led to the possibility 
of using the isochromat method to determine the characteristic 
energy losses of electrons in metauLs. 
Following the conclusion of the study of transition 
elements, characteristic energy losses of some Lanthanides 
including Gd, Tb, Dy, Ho, Er, Tm, Yb, and Lu were determined 
by the same method. These meas\xrements have been described in' 
section A of Chapter V. The characteristic energy loss values 
of these elements have not been reported before. The experimental 
losses have been compared with those obtained from plasma 
oscillation theory. As the influence of the 4f electrons has 
not yet been fully clarified, the effective number of electrons 
that may take i^ art in plasma oscillations is difficiHt to 
estimate. Although, the elements have a similar outer electron 
configurations consisting of 6a and 5^ *^ , it is evident from 
ti^ e experiiaental ener^ loss values that other electrons* most 
probably some of the 4f electrons, muat also take part in 
plasma oscillations* 
One of the distinguishing featiires of the isochroffiats 
of these rare-earths is that ihe Ohlin maximum is very lUTich 
pronounced as compared with the following peaks, ilchoes of 
the energy losses are also clearly visible in the curves. An 
••anoiiialy*' in the Ohlin structure of Terbiiam metal has been 
observed. This anomaly h&Q been explained on the basis of 
band structure of the solid state. 
In section B of Chapter 7 results of measurements of 
characteristic energy losses of some elements including Ou, 
Se, Ag, Ta, Pt, and Au have been described. .riOst of these 
elements have already been studied by conventional methods 
and their loss values are considered to be known with 
reasonably good accuracy. The aim of this investigation was 
to see how the isochromat method compares with other conven-
tional methods. A good general agreement between the results 
reported earliear and those obt£iined now, clearly reveals 
that the isochromat method can be safely used as a complem-
entary method, joaetimes two values for a loss differing by 
1 or 2 e/ have been obtained but this has been ooserved 
generally in the same cases which coiild xxot be resolved 
eve/1 earlier. This Indicates that this has something to do with 
condition of the material under electron boufoardiuent. 
An attempt to identify the different losses shows that 
there are three loss iaechaoisa involved : naiaely plasma excit-
ation, interband transition and ionization. Other losses which 
are not fundamental have oeen identified as laultiple and cociO-
ination losses. 
.^ erits aud demerits of isochromat method to determine 
characteristic energy losses have been discussed, ^ome limit-
ations of the plasma oscillation theory have also oeen pointed 
out* x'inally, a siiggestion has been .^ ade to extend these 
investigations in order to establish the isochrouat method 
and to fully understand the merits and de...erits of the plasma 
oscillation theory* 
